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HAULAGE  SYSTEMS, 


INTROOUCTION. 

2298.     Underground  haulage,  whether  done  by  wire  rope 

or  otherwise,  is  always  carried   on  in  two  distinct  stages. 

The  first  or  local  haulage  is  done  by  drawing  the  cars  from 

the  working  face  to  a  gathering-up  or  central  station,  from 

which  the  general  haulage  begins.     From  the  latter  station 

the  loaded  cars  are  hauled  in  trains  to  the  bottom  of  the  shaft 

<ir  slope,  or  out  of  the  drift,  as  the  case  may  be.     To  secure 

economy  and  despatch,  it  is  necessary  that  the  local  haulage 

be  made  as  short  as  possible,  as  this  work  is  generally  done 

bymulcB,  and  is  more  costly  than  mechanical  haulage.     For 

the  same  reason,  the  general  or  mechanical  haulage  is  made 

^  long  as  possible. 

2299.  This  section  deals  principally  with  wire-rope 
haulage.  There  are  four  classes  of  wire-rope  haulage  which 
*'"  con.stitute  the  principal  divisions  of  the  discussion. 
They  are  : 

!■  Gravity -planes; 

2-  Engine-planes; 

3-  Tail-rope  systems; 

*.  Endless-rope  systems. 

GRAVITY-PLANES. 


COKOITIONS  REOtllRBD  FOR  SUCCBSHFUI.  OPERATION. 

2300.  This  system  of  haulage  is  done  by  gravitation, 
*nd,  as  far  as  the  motive  power  is  (■■>nrerned,  it  might  be 
supposed  that  it  is  cheap  and  economical,  but  such  a  cun- 
tlusion  is  not  always  the  correct  one,  for  very  important 
reasons,  which  should  be  known. 

P«r notice  of  the  copyright,  seepaKo  iinini'diiitely  folUiwinj;  tlie  title  pagv. 
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A  prominent  railway  company  for  some  years  did  its  coal 
haulage  on  the  surface  by  a  scries  of  gravity-planes  or  self- 
acting  inclines.  In  course  of  time,  it  was  found  that  the 
work  between  the  terminals  could  be  more  cheaply  done  on 
a  properly  graded  road  by  steani-locomntive  li;)iilage  than  by 
gravitation.  The  re;is<iii  for  this  was  that  many  of  the  in> 
cline  roads  were  short,  ami  the  ntimbcr  of  persons  employed 
on  each  short  inrlincmaiic  in  the  aggregate  a  great  number; 
the  repeated  stoppages  for  detaching  one  set  of  ropes  and 
attaching  another  entailed  a  considerable  waste  of  time,  and 
it  wa-i  found  impossible  to  keep  all  the  inclines  running  in 
such  accord  that  the  train  from  one  would  arrive  in  lime  to 
follow  ihnt  of  anollicr.  The  result  was  that  thn  quantity  of 
coal  haitk-d  per  day  was  relativi-ly  gmall.  being  only  about 
one-fourth  of  what  could  be  hauled  by  steara-locotnotive 
haulage.  It  was  also  found  that  the  cost  of  ropes,  rollers, 
and  the  services  of  the  men  employed  far  more  than  counter- 
balanced the  cost  of  fuel  and  other  expenses  incidental  to 
locomotive  haulage.  These  same  conditions  occur  in  the 
mine,  and  in  the  same  way  the  limitations  of  a  costless  [Kiwer 
sometimes  cansc  stoppages  that  reduce  the  output  to  such 
an  extent  lh;it  eitlicT  direct  Bicam-power  or  transmitted 
power  is  found  to  be  better  and  cheaper.  There  are  con- 
ditions under  which  gravity -planes  are  cheap  and  effective, 
but  these  are  seldom  found  in  the  principal  or  primary  haul- 
age, excepting  when  the  r.clf-acting  incline  haulage  is  done 
with  an  endless  rope.  | 

2301.  The  haulage  on  self-acting  inclines  where  the 
pitch  is  heavy  is  done  with  a  pair  of  ropes  and  a  pair  of 
drums,  by  which  arrangement  the  trains  r.in  be  kept  under 
perfect  control  with  the  brake,  as  no  slipping  of  the  rope  on 
the  drums  can  occur.  Where  the  pitch  is  light,  a  single 
rope  is  used,  in  which  case  the  rope  is  given  one  turn 
upon  the  head-wheel.  This  is  found  to  be  quite  surticient, 
for  under  such  conditions  it  is  not  necessary  for  the  brake 
to  be  so  tightly  applied  as  to  cause  the  one  coil  of  rope 
to  slip. 
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2302.  Until  quite  recently,  the  only  self-acting  inclines 
in  use  were  those  just  noticed,  but  now  self-acting  inclines 
with  endless  ropes  are  fast  displacing  them.  Each  of  the 
two  rope  systems  is  subject  to  very  sharply  defined  limits, 
because  the  rope  reaching  to  the  bottom  of  the  incline  soon 
weighs  as  much  as  the  descending  coal,  and  then  the  gravity 
of  the  coal  ceases  to  supply  the  required  motive  power. 

2303.  For  example,  if  on  an  incline  with  4  per  cent, 
grade,  the  rope  reaching  to  the  foot  weighs  2,000  lb.,  a 
loaded  car  4,000  lb.,  and  an  empty  car  1,600  lb,,  the  loaded 
car  will  not  exert  force  enough  to  pull  the  empty  car  up,  for 
the  following  reasons  : 

First,  the  friction,  which  amounts  to  about  -^^  of  the  load, 
must  be  considered;  second,  the  fact  that  the  descending 
car  balances  the  ascending  car  must  be  borne  in  mind ;  there- 
fore, the  force  is  exerted  only  by  the  coal  in  the  loaded  car. 

The  resistance  offered   by  the  rope  is  caused  by  (a)  its 

weight,  and  (A)  the  friction  due  to  its  weight.     To  move  the 

rope  up  the  incline  regardless  of  friction  requires  2,000  X  .04, 

or  80  lb.     To  this  must  be  added  the  friction,  which  amounts 

2  000 
to    '      ■ ,  or  fiO  lb,,  making  the  total  force  required  to  move 

the  rope  equal  to  80  +  50  =  130  lb. 

Now,  the  force  required  to  move  the  rope  must  all  come 

from  the  weight  of  the  coal  in  the  loaded  car.     On  a  4  per 

cent,  incline  the  2,500  lb,  would  exert  a  force  parallel  to  the 

incline  equal  to  4  per  cent,  of  2,500  lb.,  or  100  lb.     From  this 

must  be  subtracted  the  friction  due  to  both  the  loaded  and 

4,000+1,500      ,„„  r  11.     XT 
empty  cars,  or j- =  137.o  lb.    Now,  we  know  that 

we  can  not  subtract  137.5  from  100,  and,  therefore,  it  is  evi- 
dent that  the  loaded  car  is  entirely  too  light  to  start  the 
empty  car  and  rope  from  the  bottom. 

To  make  the  matter  more  clear,  let  the  grade  be  6  pei 
Cent,,  and  the  weights  of  rope,  cars,  and  coal  be  the  same  as 
in  the  previous  example.     Now,  the  force  required  to  move 
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the    rope    will    bo    equal    to    (2,000  X  .Ofi) -;---—- 1701b. 

The  pull  exerted   by  the  2,600  lb.   of  cual  will  be  2,500  X 
.06  =  150  lb.      The  friction  due  to  the  coal  and  the  two  cars 

will  be  *:^^+ii:^'~  -  137.5  11).     This  must  be  subtracted 
40 

from  the  150  lb.  to  obtain  the  net  force  due  to  the  weight  of 

the   coal;    thus,  150  —  137.5  =  12.5  lb.     Since   the   coal    in 

one  loaded  car,  under  the  conditions  given,  exerts  a  working 

force  of  but  12,5  lb.,  it  is  plain  that  it  will  be  necessary  to 

run  several  cars  in  a  trip  to  get  force  enough  to  overcome 

the  friction  of  the  rope.     As  the  force  necessary  to  move 

1  *n 

the  rope  is  170  lb.,  it  will  require  in  each  trip  — pr  =  13.6, 

or  14  cars. 

2304.  When  gravity-planes  are  run  with  a  pair  of  ropes, 
the  grade  should  increase  as  the  length  increases.  This  in- 
crease, however,  can  not  always  be  secured,  because  we 
must  take  a  grade  as  we  find  it.  The  length  of  an  incline 
may  be  increased  until  the  number  of  cars  in  the  train  can 
not  lift  the  heavy  rope.  This  conclusion  is  apparent  when 
it  is  understood  that  if  the  weight  of  the  rope  per  foot 
remains  the  same,  and  if  the  length  of  the  incline  is  double, 
the  number  of  cars  in  a  train  must  be  doubled.  This  state- 
ment, however,  still  fails  short  of  the  exact  truth,  for  as  the 
number  of  cars  in  a  train  increases  in  number,  the  weight  per 
foot  of  the  rope  for  such  trains  must  also  increase,  and  the 
result  is  that  gravity-planes  exceeding  half  a  mile  in  length 
are  seldom  found,  except  where  the  pitch  is  30"  or  more. 

It  is  now  clear  that  for  an  incline  to  be  self-acting  the  use- 
ful gravity  force  (or  the  force  that  remains  after  the  friction 
due  to  the  weights  of  a  double  train  of  cars  and  the  load  in 
one  of  them  has  been  subtracted  from  the  weight  that 
gravitates)  must  exi:ecd  the  gravity  weight  of  the  rope  and 
the  friction  due  to  its  weight. 

2305.  There  arc  cases  in  the  lot-al  or  secondary  haulage 
of  a   mine  where  a  gravity-plane  is  of   great   value.    '  For 
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instance,  where  the  working  face  is  advancing  up  grade, 
self-acting  inclines  called  "jigs"  are  adopted.  These  are 
self-acting  inclines  in  which  a  balance-weight  is  pulled  up 
by  the  descending  full  car,  and  the  empty  car  in  turn  is 
pulled  up  to  the  working  face  by  the  balance-weight,  or  jig- 
weight,  as  it  is  generally  called.  In  some  of  these,  the  loaded 
truck  or  jig  runs  on  narrow-gauge  rails  between  the  rails  of 
the  ordinary  track,  and  in  other  cases  the  jig  is  made  to  run 
on  a  track  in  a  parallel  opening.  Short,  self-acting  inclines 
are  also  used  to  advantage  in  running  loaded  cars  from  a 
counter  gangway  to  the  main  gangway,  driven  at  a  lower 
leveL 


DESCRIPTION  OF  DETAILS. 

230B.  Fig.  811  shows  an  ordinary  self-acting  incline,  or 
one  in  which  the  weight  of  the  coal  in  a  loaded  train  acts 
as  a  motive  force.  At  the  head  of  the  incline  is  seen  the 
drum,  or  reel  A,  around  which  the  ropes  wind.  When  a 
single  drum  of  this  character  is  used,  one  of  the  ropes  runs 
off  the  top  side,  and  the  other  runs  off  the  bottom  side 
of  the  drum;  a  moment's  consideration  will  explain  the 
reason  for  this.  If  both  ropes  were  on  one  side  of  the  drum, 
they  would  both  run  off  or  on  together,  but  as  they  coil  on 
opposite  sides  of  the  drum,  one  runs  on  while  the  other 
runs  off. 

2307.  The  incline  shown  in  Fig.  811  is  provided  with 
double  tracks,  to  allow  the  empty  trains  to  pass  each  titlicr 
without  danger  of  colliding.  Between  the  rails  are  seen  the 
fope-rollers  /,  /,  used  to  prevent  the  ropes  trailing  on  the 
ground.  Trains  on  a  self-acting  incline  begin  to  accelerate 
in  speed  at  a  point  midway  in  the  plane,  and  after  the 
loaded  cars  have  reached  the  lower  side,  instead  of  the 
»eifht  of  the  rope  reacting  against  the  gravity  force  of 
the  coal,  it  now  supplements  that  force,  and  the  result  is  an 
increased  speed.  Unless  something  is  done  t<>  provide  for 
checking  the  acceleration  of  the  cars,  dangers  of  a  manifold 


gW  MINE  HAULAGE.  7 

character  may  occur.     For  this  reason,  a  brake  J  is  provided, 
which  is  applied  by  an  attendant  at  the  drum.     For  running 
the  full  cars  onto  the  incline  and  the  empty  ones  off  of  it, 
proper  branch  tracks  and  switches  are  necessary.     For  ex- 
ample, an   automatic   switch  is  placed  at  the  head  of  the 
double  tracks  in  such  a  way  that  the  loaded  cars,  on  reach- 
ing the  top  of  the  incline,  may  alternately  take  the  tracks 
.I/and  A'.     When  the  empty  train  /^/^ reaches  the  head  of 
the  incline  passing  out  of  the  track  N,  it  passes  on  to  the 
empty  car  line  0\  then  two  loaded  cars  passing  out  of  L  are 
automatically  switched  onto  N,  for  the  empty  cars,  in  pass- 
ing out  of  *V,  set  the  switch  for  the  loaded  cars  to  run  onto  N. 

2308.  A  vertical  section  of  the  incline  is  seen  in  the 
lower  portion  of  Fig,  811.  The  loaded  cars  are  descending 
at  F F,  and  the  empty  cars  are  ascending  at  H  If.  The 
rope  from  the  top  of  the  reel  is  attached  to  the  full  cars  F,  F, 
and  the  rope  from  the  under  side  of  the  reel  is  attached  to 
the  empty  cars  //,  H;  consequently,  the  drum,  as  seen  in 
the  end  view,  is  turning  in  the  direction  of  the  hands  of  a 
»itch;  that  is,  running  the  rope  off  the  top  and  running  it 
"n  at  the  bottom.  The  head-frame  for  carrying  the  drums 
IS  such  as  may  sometimes  be  seen  on  the  surface,  and  also 
in  the  mine.  Grip-wheels  and  fleet-wheels  have  in  a  great 
many  cases  displaced  the  head-frame,  but  there  are  cases  in 
thick  scams  where  it  is  still  used  with  advantage. 

2309.  Fig.  813  shows  an  under  level  grip  or  fleet 
ffheel,  situated  under  a  surface  structure.  In  principle  it  is 
'he  same  as  the  flxings  of  a  grip-wheel  under  the  level  of  the 
tracks  at  the  head  of  an  incline  in  the  mine,  for  there  an  un- 
derground chamber  is  cut  out  for  the  location  of  the  wheel, 
li  shown  in  Fig.  820.  Fig,  812  also  illustrates  an  arrange- 
ment of  the  tracks  differing  from  that  shown  in  Fig.  811. 
In  this  case  a  treble  rail  is  continued  to  the  parting,  and 
ffom  the  lower  end  of  the  parting  to  the  foot  of  the  incline, 
lithe  majority  of  underground  inrlin<:s,  the  arrangement 
"f  the  tracks  is  like  that  illustrated  by  Fig.  813.     In  this. 
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u  in  Fig,  R12,  the  treble  rails  arc  continued  to  the  part* 
ing»,  but  tbc  parting:  tracks  niiitc  in  a  single  one,  which 
is  continued  to  the  foot  of  Che  incline.  These  three  fig- 
ures bririfT  before  iis  in  a  stfonjf  light  some  of  the  practi- 
cal difficuliirs  that  ari&e  in  making  trarlcs  for  self-acting 
incliues.  In  mines  where  the  roof  and  floor  arc  tender,  it  is 
a  cx>stly  and  a  difficult  matter  to  keep  the  roads  secure  and 
in  good  working  order,  and  so  much  is  this  the  case,  that  tlio 
advantages  o£  gravity- planes  must  often  be  disregarded 
when  the  conditions  will  not  permit  the  coniilruction  of 
double  tracks. 


23 1 0.  Timbering  should  be  avoided  as  much  as  possible 
on  a  self-acting  incline,  because,  in  Iheeventuf  a  rupe  break- 
ing and  the  cars  running  away  and  being  derailed,  the  tim- 
ber is  knocked  out  and  the  roof  is  let  down,  with  the  result 
that  a  stoppagf;  of  work  occurs,  and  great  expentiu  is  incurred 
in  repairing  the  road. 
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23 II.  Figs.  814,  815,  8]  fi,  817.  and  filSshow  some  special 
appliances  for  self-acting  iiu-lines.  For  example,  they  show 
the  s«lf-acting  jig.  in  which  the  full  cars  C\  Care  h.iuling  up 
the  balance- weight  /•.  This  consists  of  a  cast-iron  box  run- 
ning on  wheels  on  a  track  <if  timall  gauge  within  the  wider 
gauge  of  ihc  car-track.  This  may  be  clearly  cora|)rehcndcd 
by  reference  to  Fig.  8I.'»,  where  the  car  is  seen  passing  over 
the  balance-truck  /■'.  In  Fig.  S14  the  loaded  cars  arc  shown 
descending  ami  the  t>alance-truck  ascending.  To  fully  com- 
prehend the  principle*  of  action  involved  in  this  self-acting 
jig,  suppose  that  the  cars  have  reached  t  he  foot  of  the  incline. 
The  man  at  the  top  applies  the  brake;  that  is,  he  holds  the 
rope  sccnrcly  with  the  brake  until  the  loaded  cars  arc  de- 
tachtwl  and  a  fresh  train  of  empty  ones  is  attached.  Then 
he  cases  off  the  brake,  and  the  balance-car  is  allowed  to 
descend  and  pull  the  empty  train  of  cars  to  the  top  of  the 
incline.  In  this  illustration  the  grip-wheel  is  mounted  on  a 
head-frame;  but  il  often  occurs  in  amine  that  the  grip-wheel 
b  fixed  under  the  level  of  the  road  at  the  head  of  the  incline 
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In  Fig.  81  (i  a  side  view  uf  tUc  balance-truck  is  seen  at  F.  iriih 
the  drop-bar  ^'attached  to  the  rope;  or,  more  correctly,  the 
rope  ia  attached  \*>  the  beli-crank  lever  at  the  back  end  of 
the  balance-car  in  such  a  way  that  whenthe  weight  of  the 
truck  is  hanging  on  the  rope,  the  lever  G  is  elevated,  and  in 
the  event  of  the  rope  breaking  or  the  balance-truck  be<x>m- 
ing  detached,  the  lever  G  by  its  weight  falls,  digs  into 
the  ground,  and  prevents  the  truck  from  running  down  tho 
plane. 


t 


231  2.     A  front  an<I  end  view  of  a  grip-wheel  vs.  given  i 
Figs.  817  and  SIS.     In  many  cases  a  fleet-wheel,  or  a  wheel 
with  a  slight  conical  tread,  on  which  the  coils  of  rope  slightly 
slip  down  towardsi  the  flange  on  the  lower  Kid e,  is  used  instead 
of  a  grip-wheel.     The  grip-wheel,  however,  has  a  special 
advantage  which   makes  it   an  excellent  substitute   for  a 
double-rope  reel-     In  ca»e  one  side  of  the  rope  breaks,  the 
grips  on  the  tread  of  the  wheel  hold  the  other  side  of  the  rope 
secure,  for  the  rope  is  seized  by  the  grips  in  which  it  lies. 
As  all  the  grips  surrounding  the  wheel  {&■&  thoRc  shown  at 
B,  C,  /*,  C)  art  independently  of  each  other,  the  rope  is  held 
as  securely  as  it  would  be  by  a  reel  on  which  was  coiled 
separate  ropes.     The  grips,  it  will  be  seen,  are  fixed  on  the 
periphery  of  the  wheel  lilcc  .so  many  teeth:  one  of  them  is 
shown  in  tran.svcrsc  section  at  Ji.  C,  Fig.  818. 

/^  and  Care  called  the  jaws  of  the  grip.  The  rope  prcs-sei 
in  between  them,  and  in  doing  so  the  jaws  distend  at  the 
bottom  and  close  at  the  tup  until  the  rope  is  held  as  in  a  vise. 
There  are  many  varieties  of  jaw  actions  fur  grip-wheels, 
but  thi.s  is  a  truly  representative  one.  For  self-acting  in- 
clines in  mines  where  the  pitch  of  the  road  is  comparatively 
small  and  ihc  length  of  the  incline  is  short,  head-wheels  are 
sometimes  laid  in  a  horizontal  position,  under  the  road,  at  lh« 
head  of  the  incline.  In  such  a  case,  the  diameter  of  the 
wheel  is  made  about  equ^il  to  the  distance  from  center  to 
center  between  the  full  and  empty  tracks.  Such  a  wheels 
however,  is  seldom  a  grip-wheel,  hut  the  groove  in  whicl» 
the  rope  runs  is  made  in  the  form  of  an  acute  angle,  sothaV 
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tlierftfte  fixes  itself  and  tfripo  on  the  sides  of  the  tvo  encio* 
Ring  fla.nge^.      Thcwlict-l  ta 

0ange,  so   as    tc    keep   Lhe 

ninning  cars  under  control. 

Sometimes,  however,  where 

the    pitch    is  considerable, 

separate  reels,  connected  by 

gear-wheeU.    os  shown    in 

Fig.    819,  are  used  to  pro- 

vide  such   a    lead  for  the 

ropes  as  will  not  tend  to  lift 

the  cars  off  the  tracks  in 

coming   onto    and  leaving^ 

the  lop  of  the  incline,  WTicn 

they  arc  st-t  overhead,  the 

ninning-on  and    the    ran- 

oing-uCF  ropps    both  come 

(rum     the     under  sides  of 

the  drums  or  reels.      The 

one-sided  lead  of  the  ropes  fio,  ei», 

is  caused  l>y  the  gear-wheeU,  for  these  make  them  turn 
in  opposite  directions.  TheKe  drums  may  be  set  under 
lhe  tracks  at  the  head  \:<t  the  incline  with  great  advan- 
Ugc,  if  the  pitch  i*  considerable  and  ihc  trains  and  rupcs 
are  heavy.  Such  an  arrangement  prevents  the  excessive 
Itendingf  of  the  ri>|>es  in  passing  over  the  head-sheaves;  that 
i^the  rapes  running  off  the  tops  of  the  reels  when  set  under 
the  tracks  make  a  smaller  angle  with  the  line  of  the  haulage- 
rope  than  when  one  of  the  ropes  comes  from  the  under  side 
of  the  drum.  The  advantage  of  these  reels,  then,  may  be 
summartsed  as  follows:  When  they  arc  set  above  the  tracks, 
the  lead  uf  the  ropes  is  never  ItKi  high,  and  when  they  arc 
■ei  under  the  tracks  the  lead  of  the  ropes  running  on  and  off 
the  reels  is  never  too  low. 

2313.  The  necessity  of  using  deflecting  sheaves  is 
plainly  shown  in  Pig.  83().  Here  iwn  deflecting  sheaves 
Ohu  be  used,  as  shown  at  /i  and  /;".     The  advantages  of 
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grooved  sheave-s,  such  as  those  at  /■'.  /■",  can  not  be  doubted, 
fur  by  them  the  trains  on  steep  inclines  can  be  held  as  se- 
curely with  the  brake  as  they  can  be  with  drums;  however, 
Ibc  damage  to  the  ropes,  in  suddenly  bending  them  round  roiti- 
parativety  small  dtflucting sheaves,  must  not  be  overlooked. 

23 1 4.     The  grooved  wheels  seen  ut  the  lower  portion  of 
the  figure  constitute  a  most  ingenious  devicw  for  holdings 
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heavy  trains  on    an  incline.     To  understand, 

however,    the  importance  of  the  two  grooved 

wheels  for  holding  or  hauling,  an  explanation 

of  their  construction  and  mode  of  action  must 

I  be  made.     By  referring  to  Pig,  821,  it  will  be 

Kcn  that  the  tread   of   the   periphery  of  the 

wheel  is  made  semi-elliptical  in  section,  and  the  r~-j 

'  rope  is  made  to  run  on  at  the  high  side  cf  ^ 

'  the  curve  r.     After  a  complete  coil  has  been 

M  made,  the  running-on  toil  and  the  roil  on  the 

I  left  of  it  begin  to  surge  down  onto  a  lesaer 

diameter;  consequently,  the   coils   arc  always 

[surging  over  towards  s,  or,  as  the  rope  runs  on, 
it  keeps  gently  surging  or  fleeting  downwards 
I  uniil  it  at  last  begins  to  jam  on  the  nrher  side  of  the  curve, 
asat  f>,  the  place  at  which  the  rope  runs  off.  The  disad- 
vtaugcs  of  the  flecl-wheel  arc.  that  the  surging  is  not  con- 
1  tinuous,  but  intermittent,  and  Ihc  mpe  jiimpt>  and  thuds  and 
checks,  thus  causing  considerable  wear  and  tear.  When 
the  rope  runs  on, it  is  arrested  by  the  flange  ^,  and  presses 
^rwS  produces  the  surging  or  flt-L'ting  of  the  coil  on  the  ]cft 
'^it.  Sometimes,  however,  th'j  intermediate  coil  slips  down 
(Qto  the  middle  of  the  tread,  and  then  a  longer  interval 
«is[»cs  before  the  coil  r  presses  against  the  flange  of  the 
■heel  again,  when  another  knock  and  surge  takes  place,  and 
I  *OiMi,  continuously.  From  this,  it  is  clear  that  it  is  impos- 
■tfjllile  lo  run  a  rope  into  the  grooves  on  a  single  wheel,  for, 
^Hner  two  or  three  revolutions,  the  rope  will  roll  up  agaii]st 
tlic  flange  and  jam  there,  so  that  the  adjacent  coils  can  not 
ficct  or  surge  away,  and  ihc  action  of  ihc  wheel  will  be 
•frerted.     Two  wheels,  however,  can  be  used  so  as  tu  take 
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the  place  of  one,  liy  taking  Bemicircular  coils  round  each  of 
tbem,  or  using  Ihe  two  wheels  like  bell-wheels.  This  con- 
verts the  coils  that  wf.iild  otherwise  envelop  a  siingledrum 
intohdts  on  two  drums  in  such  a  way  that,  if  wc  denote  the 
wheels  by  W,^,  C,andA,,  .fl,,f„  respectively,  the  rope  passes 
half  round  A,  and  f rom  *■?  to  .f,;  tht^n  from  .-I,  to  /i,  and 
after  passing  half  r<iundy>,  loi'„  and  after  passing  round  B^, 
loC,  andaflermovinKhalf  round  r,  to  C,;  finally,  after  pass- 
ing half  round  C^,  the  rope  proceeds  onwards  to  the  haulage. 

2315.  -'\II  that  has  been  said  so  far  relative  to  ji 
description  of  the  grooved  wheels  and  fleel-wheels  of  an 
endless-rope  haulage  is  important  and  worthy  of  attention, 
hut  there  arc  other  things  that  should  lie  known,  and  not 
the  least  of  these  is  the  following: 

When  ropes  are  coiled  aroutid  surfaces  of  any  kind,  par- 
ticularly around  wheels,  what  is  called  the  /ff/*/  or  ^rt/>  of 
the  rope  increases  iHrertly  Jis  the  siquare  of  the  number  o( 
coils.  If  there  are  two  coils  on  a  fleet-wheel,  the  grip  or 
hold  of  these  two  coils  is  4  limes  that  of  one  coil,  and  i( 
there  arc  three  roils,  the  grip  is  ft  times  thatnf  a  singlccoll. 
The  same  law  holds  true  with  the  grooved  wheels,  for, 
although  there  arc  two  wheels,  three  half  coils  on  each  wheel 
are  eqnal  to  three  whole  coils  on  one.  Therefore,  when  th« 
double  wheels  are  connected  by  rope  belts,  as  in  this  case, 
the  friction  obeys  the  same  law  as  that  of  complete  coils, 
and,  conscfiucntly.  the  two  wh::cU  shown  in  Fig.  820.  hav- 
ing  three  grooves  each,  secure  a  grip  or  haulage  power  of 
&  times  that  of  a  single  coil  round  one  wheel. 

2316.  The  mechanical  appliances  for  the  successful 
working  of  self-acting  InclineK,  such  as  reels,  grip-wheels, 
rollers,  switches,  brakes,  etc.,  etc.,  are  important  from  a 
purely  engineering  piiint  of  view,  and  the  best  of  these  in 
the  market  can  be  purchased  of  manufacturers  who  make  a 
specialty  of  them.  "What  is  directly  Important  to  I  he  mining 
engineer,  as  distinguished  from  the  mechanical  engineer,  is 
the  grading  of  the  roads  for  self-acting  inclines.  It  is  true 
that  what  is  required  to  be  done  ts  of  a  comparatively 
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elementary  character,  yet  the  principles  involved  must  be 
understood,  to  have  their  true  value  appreciated, 

2317.  In  Fig.  822  (7")  the  broken  line  shows  a  uniform 
grade  whose  angle  is  equal  to  ^  ^  C  It  is  possible  that  this 
uniform  grade  may  be  a  complete  failure,  because  the  weight 
of  the  descending  coal  may  not  be  sufficient  to  lift  the  weight 
of  the  long,  heavy  rope  and  overcome  the  friction  due  to  the 
<ln)m,  rollers,  rope,  and  cars,  and  yet  the  same  incline  might 


Fig.  tea. 

be  made  a  complete  success  by  so  altering  the  grade  as  to 
give  it  an  increased  fall  at  the  top  and  a  reduced  fall  at  the 
hottom.  For  example,  by  altering  the  uniform  grade  A  B 
to  the  varying  grade  A  E  D  B,  the  gravity  power  of 
the  cual  is  increased  until  the  loaded  train  has  reached 
the  point  D  and  the  empty  train  has  reached  the  point  E,  at 
thich  position  they  will  have  sufficient  velocity  or  mo- 
"lentum  to  carry  them  to  the  point  of  parting.  Then,  as  the 
trains  move  on,  the  rope  attached  to  the  ful!  cars  will  so 
*ngthen  and  the  rope  attached  to  the  empty  cars  will  so 
shorten  as  to  make  the  rope  not  only  move  by  its  own 
Counterpoise,  but  to  make  it  also  assist  the  gravity  iK>wcrof 
the  coal.  Although  the  trains  have  acquired  such  a  high 
Wi'xrity  as  to  run  the  empty  cars  from  D  up  to  B  and  the 
full  cars  from  E  Xo  A  by  their  inertia,  the  velocity  of 
'he  empty  train,  on  reaching  B,  and  the  velocity  of  the  full 
wie.  on  reaching  A,  is  so  low  as  to  require  no  brake-power 
•o  unduly  strain  the  ropes.     From  this  it  will  be  noticed  that 
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to  make  the  grade  of  an  incline  successful  where  it  other- 
vise  would  fail,  the  inclination  must  be  increased  at  the  top 
and  reduced  at  the  foot  of  the  incline. 

2318.  In  Fig.  823  (5)  is  shown  a  case  where  the  fall 
can  not  be  increased  immediately  from  the  top,  but  the  pitch 
is  sufficient  to  run  the  trains  a  considerable  distance  from 
the  foot  of  the  incline  C  on  a  dead  level.  Very  excellent 
work  may  be  done  in  this  way.  By  lengthening  the  run, 
the  length  and  weight  of  the  rope  are  correspondingly  in- 
creased. As  the  train  leaves  the  top,  it  is  prevented  from 
being  unduly  accelerated  at  the  first  portion  of  the  run;  as 
the  empty  train  must  run  a  considerable  distance  from  Fio 
G  on  a  dead  level,  the  momentum  acquired  becomes  suffi- 
cient to  run  the  full  train  at  the  end  of  the  run  along  the  level 
from  G  to  F,  and  to  run  the  empty  train  up  to  and  over  the 
top  //. 

2319.  The  manifest  drawback  to  the  extension  and 
rapid  action  of  self-acting  inclines  on  small  pitches  is  the 
weight  of  the  rope.  If  this  factor  could  be  eliminated,  it  is 
easy  to  see  that  the  incline  could  be  prolonged  indefinitely; 
and  it  so  happens  that  this  can  be  done  by  applying  the 
principle  of  the  endless-rope  haulage.  Inclined  planes  run 
by  an  endless  rope  have  been  successful  for  very  long  dis- 
tances on  the  surface,  and  in  some  cases  in  mines,  but  for 
local  or  secondary  haulage  in  certain  places,  jigging  with  a 
balance-car  will  be  found  very  effective. 

2320.  A  description  of  the  mechanical  appliances 
necessary  in  fitting  up  a  soil-acting  incline  is  only  important 
to  mining  students  in  so  far  as  their  mode  of  action  is  con- 
ccrni'd.  The  principles  of  their  construction  belong  to  the 
mechanical  engineer;  therefore,  it  is  only  necessary  that 
somewhat  brief  attention  should  he  drawn  to  them.  Be- 
giiniing  at  the  head  of  the  incline,  attention  is  first  called  to 
brakes.  These  are  somewhat  varied  in  construction,  but 
the  mode  of  action  of  all  is  alike.  There  are  only  two  general 
varieties ;  namely,  simple  brakes  for  inclines  of  small  pitch,  on 
which  the  cars  never  attain  a  very  high  velocity,  and  brakes 
for  holding  greater  loads  on  greater  pitches,  where  the  cars 
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attain  high  vfV;t:iiics.     A  brake  uf  the  former  kind  is  shown 
in  Fig.  t<'j3,      [is  mrMle  of  nctiun  is  that  of  a  friction-block 


uicJiasiftfounU  on  railway  freight -car<c.  The  blocks  r,  t/are 
atlAchetl  to  upright  Ipvchhj  and  *,  and  they  arc  put  into  action 
bj'  a  series  <  >f  levers  and 
"•dsr,^,  A,y,  and/-.  The 
lc«rby  which  the  brake 
is  applied  is  seen  at  f  »i. 
This  example  i«  fairly 
representative  nf  brakes 
for  grip-whrcls  mounted 
on  3  standard  frame.  In 
mines,  however,  the  grip- 
wheel  is  usually  Hxcil 
itademeath  the  tracks. 
Brakes  of  greater  hold- 
ii^  power  arc  required 
on  inclines  of  high  pilch, 
anil  a  representative  one 
9  shown  in  I'ig.  ^21. 
The  fiango  of  the  traJce- 
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trhccl  15  seen  at  A,  and  is  surrnimclcd  with  the  brake>strap 
vrbich  connects  with  the  two  shnrt  arms  of  the  lever  Ji.  A 
brake  uf  this  kind  is  very  powerful,  and  will  hold  securely  a 
very  heavy  train. 

IKCLINATION  OF   GRAV1TV.PI.ANR9. 

2321.  For  gravity-planes  to  acl  with  ^fcty  and  econo- 
my, the  followingthree  important  pointsmuHt  be  considered: 

I.  Where  the  pitch  is  considerable  and  the  length  19 
short,  only  a  minimum  number  of  cars  can  be  made  to  run 
in  a  train,  or  otherwise  a  heavy  and  expensive  rope  must 
be  used,  and  powerful  friction- brakcK  arc  required  to  bold 
the  trains  securely. 

2.  When  the  inclination  is  considerable,  and  the  plane  isit 
long  one,  the  trains  must  be  made  larger  to  lift  the  heavy 
rope,  whose  increased  weight  is  due  to  the  relatively  great 
length  of  the  plane.  Under  these  circumstances,  a  powerful 
brake  is  indispenHable,  because,  after  the  loaded  cars  have 
passed  the  parting,  the  weight  of  the  ropes  adds  consider- 
able to  the  gravity  of  the  coal,  and,  ;is  a  result,  a  powerful 
brake  and  a  correspondingly  heavy  rope  arc  required. 

:i.  When  the  inclination  of  a  gravity-plane  is  comparative- 
ly small,  long  trains  are  imperatively  necessary;  and  even 
then  it  is  necessary  to  provide,  as  has  been  previously  shown, 
an  increased  fall  from  the  top  of  the  incline  aiui  a  reduced 
grade  at  the  foot  of  the  ijicline,  to  rua  off  the  work  with 
Buffieient  velocity. 

2322.  Gravity -planes  have  been  sources  of  so  much 
trouble  and  disappointment  to  those  engaged  in  making 
them  and  usinit  tliem.  ihut  it  is  necessary  that  the  under- 
lying principles  shoidd  be  understood  to  avoid  such  mistakes 
as  sometimes  are  mride.  in  the  absence  of  proper  knowledge, 
of  how  the  e.irth's  attractinn  hecomeitthe  operative  force  on 
self-acting  inclines.  This  may  be  made  very  clear  by  a 
plain  .-statement  of  facts. 

First,  the  motive  force  is  generated  by  something  falling, 
and  that  something  falling  is  the  cool  in  the  loaded  cars. 
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Second,  the  force  must  do  work  in  overcoming  two  kinds  of 
resistances;  namely,  the  friction  common  to  the  cars,  rollers, 
sheaves,  ropes,  and  coal,  and  the  lifting  of  the  weight  of  the 
rope  attached  to  the  empty  cars  at  the  commencement  of 
the  run.  The  lift  in  the  latter  case  increases  with  the  length 
of  the  plane,  and,  as  has  been  shown,  the  rope  may  become 
so  heavy  as  to  neutralize  or  counterpoise  the  weight  of  the 
failing  coal,  and  thereby  render  necessary  long  trains,  or  the 
abandonment  of  the  gravity-plane  and  the  substitution  of 
power  haulage. 

2323.  It  is  essential  that  some  simple,  yet  important, 
calculations  should  be  made  to  determine  when  a  gravity- 
plane  will  be  safe  and  successful  in  doing  the  local  or  general 
haulage  in  a  mine.  The  calculations  referred  to  should  en- 
able the  student  to  find  two  results:  first,  the  minimum 
number  of  cars  in  a  train  that  will  run  with  sufficient  speed 
to  do  the  required  work,  and,  second,  the  maximum  length 
and  minimum  pitch  of  a  gravity-plane  that  will  act  efficiently. 

Before  proceeding,  however,  with  an  explanation  of  the 
methods  of  making  the  required  calculations,  it  is  necessary 
that  the  student  should  understand  how  the  mechanical 
movements  of  the  power  and  the  work  are  related  to  each 
other. 

2324.  To  understand  this  matter,  the  following  general 
definitions  are  necessary: 

1.  The  forces  on  inclines  arc  inversely  proportional  to  the 
distances  through  which  they  move  for  a  given  amount  of 
fall.  For  example,  suppose  a  body  has  to  move  down  an 
incline  through  a  distance  of  100  feet  to  fall  a  vertical  dis- 
tance of  8  feet ;  then  the  force  required  to  support  this  body 
on  the  incline  is  only  equal  to  eight  one-hundredths  of  its 
weight.  If  the  body  weighs  80  pounds,  the  force  is  -^\^  x 
80=  C.  4  pounds. 

"2.  The  forces  on  inclines  arc  inversely  proportional  to  the 
lines  along  ivhich  they  act  xvhen  those  lines  are  parallel  to 
the  direction  of  the  moxxmcnts  of  the  balancing  bodies.     For 
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example,  in  .-f,  Fiu-  H'Zo,  the  bi>c]y  or   weight  L   is  moving 
up    ur  down    tlie    incline   a  b\    thtTcforc,    the    force    thai 

g  mnvcti  it  is  acting  along  Ibe 
line  ^h,  which  is  parallel  to 
ah.  Again,  the  iKilance-weight 
JKis  moving  in  a  line  rs,  and 
this  is  parallel  to  the  vertical 
linc^i".  Since  be  is  one-half 
of  the  len^h  <?^,  if  Z  weighs 
120  pounds,  JKmust  weigh  CO 

pounds,  because  t—  =  f.    Thii 

is  true  when  the  velocities  of 
be  and  b  a  are  equal,  and  when 
the  force  moving  /,  is  parallel 
to  the  direction  in  which  /. 
moves,  assuming  that  the  bal* 
ancc-wcigbt  W  f;ills  ihrough  a  distance  equal  to  that 
through  which  tlic  load  /-  moves  along  the  incline. 

Perhaps  matters  of   this  kind  are  better  understood  by 
contrasts;    therefore,  suppose  that   the   force    moving  the 
weight    /.   does  not    act    along  a  line  that   is   parallel  t» 
the   direction    in  which   the  load  moves.     In  Ji,  Fig.  825, 
the  load  is  moving  from  J  to  <•,  and  theforce  is  ihen  actirg 
along  the  line  ij.     The  fnrcc  then  acting  along  the  line  i_f 
must  be  greater  than  the  force  acting  along  the  linc^Aii* 
the  diagram  A,  because  ti  f  is  shorter  than^/r,  and  wckno*' 
that  ihe  forces  in  this  case  are  inversely  proportional  to  th^ 
lines  along  which   they  act.     (Sec   the   fHctinrd  Plant  ir> 
Mechanics.)     Again,  if  the  load  /.  is  in   the   position  x,  th^ 
weight  W,  if  infinite,  cm  not  move  the  Inad  higher  up  th*' 
incline,  because  the  force  is  acting  ihrough  a  cord  whos^ 
direction  makes  a  right  angle  with  the  direction  of  the  in* 
cline.     Therefore,  an  infinite  force  can  not  move  the  body* 
becautie  the  reaction  of  the  jneline  is  as  great  as  the  action 
of   the  force.     It  is  thus  seen  that  the  forces  on  inclines 
must  be  taken  as  acting  parallel  to  the  lines  along  which  tha 
weights  or  forces  act. 
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3.  If  the  weights  are  equal,  that  is,  if  the  weight  moving 
along  a  vertical  line  is  equal  to  the  one  moving  along  an 
incline,  to  balance  each  other,  their  velocities  must  be  pro- 
portional to  the  lines  along  which  they  move;  that  is,  the 
weight  L,  Fig,  825,  A,  will  have  to  move  from  a  to  i^  in 
the  same  time  that  J-l'' moves  from  b  to  c. 

A  careful  study  of  these  three  definitions  will  remove  all 
perplexity  concerning  the  balancing  forces  on  an  incline. 

2325.  Above  all  other  considerations,  there  are  two 
that  stand  out  in  bold  relief  in  relation  to  gravity-planes. 
These  are: 

1.  The  inclination  must  be  sufficient  for  trains  of  reason- 
able size  to  run  off  the  work. 

2.  There  must  be  a  sufficient  number  of  cars  in  a  train  on 
a  given  incline  to  overcome  the  weight  of  the  rope  on  a 
given  length  of  plane. 

2320.  It  is  first  necessary  to  show  how  to  find  the 
number  of  cars  in  a  train  under  the  given  conditions.  To 
make  the  reasoning  clear,  let  the  following  letters  represent 
the  given  and  required  values: 

W^  =  the  weight  in  pounds  of  the  descending  loaded  car; 

/I',  =  the  weight  in  pounds  of  the  ascending  empty  car; 

W^  =  the  weight  of  the  hauling-rope  in  pounds; 

a  =  the  percentage  of  the  grade  expressed  decimally, 
which  is  the  same  as  the  sine  of  the  angle  of  in- 
clination; 

jiy   =  the  coefficient  of  friction; 

i^'  =:  the  required  number  of  cars  in  a  train. 

The  force  required  to  overcome  the  resistance  due  to  the 
weight  of  the  rope  is  equal  to  a  IV,. 

The  force  required  to  overcome  the  resistance  due  to  the 

rope,  rtiUers,  and  drums  is  equal  to  -^. 
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Denoting  the  total  force  required  to  overcome  the  weight 
and  friction  of  the  rope  by  F^,  we  have 

F,  =  alV,+  ^.  (197.) 

ExAHPLE. — A  rope  2,000  feet  long  weighs  4,000  pounds,  and  tbe 
Inclination  of  the  plane  on  which  it  ia  used  is  equal  to  a  grade  of  8  per 
cent.     What  force  is  required  to  move  the  rope  ? 

SoLUTiOH. — Applying  formula  107,  we  have 

/;  =  «  W,  +  -^  =  (.08  X  4,000)  +  ^  = 

430  pounds,  the  tractive  force  required. 

2327.  To  find  the  available  gravity  force  for  overcom- 
ing the  required  tractive  force  of  the  rope,  observe  that  on 
a  self-acting  incline,  for  every  load  of  coal  two  cars  are  re- 
quired, and  as  the  cars  and  load  can  not  move  without  being 
subject  to  the  resistance  of  friction,  the  following  equation 
expresses  the  amount  of  this  resistance: 

40       • 

Again,  as  the  cars  balance  each  other  on  an  incline, 
nothing  falls  but  the  load,  but  all  of  the  load  is  not  available 
for  overcoming  the  tractive  force  required  to  move  the  rope, 
for  the  friction  due  to  the  cars  and  the  load  must  be  sub- 
tracted from  the  gravity  force  of  the  coal,  in  order  to  find 
how  much  force  each  pair  of  cars  can  supply  to  move  the 
rope. 

Denoting  the  total  gravity  force  due  to  the  coal  by  /^„  we 
have 

F,  =  aOV,-n\).  (198.) 

Again,  denoting  the  available  gravity  force  due  to  the 
coal  by  /■',  we  have 

F=  a  ilV-  IK)  ~  {^0^}  (!»»•) 

Example, — A  gravity-plane  has  a  grade  of  8  per  cent, ;  it  is  2,000 
feet  in  length,  the  rope  attached  to  tlie  empty  cars  at  the  foot  of  the 
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tncline  veighs  4,000  pounds,  a  loaded  car  weighs  4,000  pounds,  and  an 
empty  one  weighs  1,800  pounds.  What  is  the  number  of  cars  that 
must  run  in  a  train  to  overcome  the  resistance  of  the  rope  at  the  start 
of  the  run  ? 

Solution. — Applying  formula  197,  we  have 

/;  =  «»',+ ^  =  {.08x4,000)  +  ^  = 
430  lb.,  the  force  required  to  move  the  rope. 
Applying  formula  190,  we  have 

y:-=.(»^.-fr.)-'»^-^-;^'>  =  .oe(4.ooo-i,800)-<*-«"  +  ^'«>°>  = 

31  lb.,  the  available  gravity  force  due  to  one  pair  of  cars. 
Therefore,  the  number  of  cars  that  must  run  in  a  train  is  equal  to 

or,  14  cars  in  a  train.    Ans. 

Example. — The  grade  of  an  incline  is  7  per  cent.,  the  length  of  the 
incline  is  2,000  feet,  the  weight  of  the  rope  is  4,000  pounds,  the  weight 
of  a  full  car  is  4,000  pounds,  and  that  of  an  empty  one  is  1,800  pounds. 
How  many  cars  must  there  be  in  a  train  for  the  plane  to  be  self-acting  ? 

Solution. — Applying  formula  197,  we  have 

/i  =«  W.  + -^  =  (.07  X  4,000)  +  ^  = 
S80  lb,,  the  tractive  force  required  for  the  rope. 
Applying  formula  199,  we  hare 

^=.(>r.-^.)-'^-^»^->=.07(4,000-l,800)-^^-'^^^-»«^  = 

9  lb.,  the  available  force  of  the  load. 
Therefore,  the  number  of  cars  in  a  train  will  be  equal  to  ^f^  =  42|, 
or  43  cars.     Ans. 

Example. — The  grade  of  an  incline  is  6.6  percent.,  the  length  of 
the  road  la  2,000  feet,  the  weight  of  the  rope  is  4,000  pounds,  the 
weight  of  a  loaded  car  is  4,000  pounds,  and  that  of  an  empty  one  is 
1,800  pounds.  How  many  cars  must  there  be  in  a  train  for  this  incline 
to  be  self-acting  ? 

Solution. — Applying  formula  197,  we  have 

F^  =  a  rr.  +  -^  ^  (.0«8  X  4,000)  +  ^  = 

8M  lb.,  the  tractive  force  required  for  the  rope. 
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f=  ^(  IT,  -  fro  -  <-^^^^^  :..066  X  (4.000-1.800)- <15?»+1^ 


Applying  formula  199,  we  have 

Ll',       <  ^-  +  tt^O        Oft 

■  -».) 45 -.06 

.2  lb.,  the  available  gravity  force  due  to  the  load. 

304 
Therefore,  the   number  of  cars  in  a  train  is  equal  to  — r-  =  1,8! 

cars.     Ans. 

It  is  plain,  however,  that  such  a  number  could  not  I 

made  to  act  in  practice,  for  observe  the  absurdities  involve 

in  a  case  like  this.     The  plane  is  only  3,000  feet  in  lengtl; 

and  if  the  cars  were  each  7  feet  long,  then  the  length  of 

train  of  cars  would  be  equal  to  1,820  X  7  =  13,740  feet,  o 

12  740 
a  train  would  be  -  ■  'r-^  =  6. 37  times  the  length  of  the  incline 

232S.  The  self-acting  incline  that  must  next  engag 
attention  is  the  jig  system.  As  has  been  shown,  the  jig  o 
balance-carriage  runs  on  a  narrow-gauge  track  within  th 
car-track,  or  it  is  made  to  run  in  a  parallel  opening.  Th 
weight  of  the  jig  is  equal  to  that  of  an  empty  car  plus  hal 
the  weight  of  the  coal  a  full  car  carries.  The  result  is,  tha 
when  a  loaded  car  descends  the  incline,  only  half  the  weigh 
of  the  coal   it  carries  is  available  for  gravity  force,  becaus 

\i  the  other  half  of  the  weight  of  the  coal  does  the  gravit; 

j!  work  of  raising  the  jig.     The  excess  of  weight  in  the  jij 

i!  does  the  work  of  raising  the  empty  car.      As  only  one-hal 

of   the   weight    of    the  coal  does  gravity  work    during    th 

H  descent  of    the   coal,  and   the  other   half  does  work  in   th 

hoisting  of  the  jig,  it  is  only  on  inclines  of  high  pitch  an( 

'.  relatively  short  length  that  the  jig  system  can  be  adopted. 

I 

V 

(Example. — The  grade  for  a  jig  incline  is  20  per  cent,  and  the  lengtl 
of  the  road  is  200  feet.  The  weight  oi  the  rope  per  foot  of  length  i 
1.2  pounds,  the  weight  of  a  full  car  is  4,000  i>i)unds,  the  weight  of  ai 
empty  one  is  1.800  jxiunds.  and  the  weight  of  the  jig  in  2,900  pounds 
Prove  that  this  jig  incline  can  not  be  self-acting. 

Solution. — Applying  formula  197, 

/■,  =  „  /r,  +  -^^;  ■--  .20  (2(10  X  1.2)  +  "— ^j-  '-  =  541b., 
the  resistance  to  be  overcome  in  moving  the  full  length  of  the  rope. 
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Curuifd«f  tite  conditions  exUling  when  the  loHded  cw  in  al  thr  top 
and  the  jig  is  at  tbc  buttnra  of  the  pl»ne.  The  ji|;  can  be  coiwidered 
u  an  emply  car  wcighiriK  S.900  ll>. ;  a|)|ilyin|{  formula  199. 

4t.a  tb..  the  available  graTlir  force  at  the(l«M-ent  of  the  full  car. 

Therefore,  the  Jig  incline caa  not  be  sclf-actinu.  bccauM;  there  sirm' 
only  47.S  puundit »(  gravltj^  fort-ti  available  to  uwrcomc  a  FCsisiauM  of 
M  pounds 

One  thinff.  huwevcr,  can  be  dnnc,  and  that  is,  a.  level  run 
of  30  feet  c.in  be  made  at  the  foot  of  the  incline,  which  will 
give  the  K>;ided  car  on  the  one  hand  and  the  jig  on  the 
other  suSicient  force  to  overrome  the  inilia.1  and  succeeding 
resistance.  For,  aL  the  start  of  the  run,  the  jig  or  the 
empty  car  docs  not  ofFcr  any  gravity  resistance,  since  it  is 
on  the  level  run.  In  cunseqiienrc,  the  gravity  force  is  in- 
creased in  the  following  large  proportion:  The  weight  of 
the  jig  is  'i,1»'»0  pounds;  thtrefore,  a  force  of  .2  X  3,W0=  680 
pounds  is  required,  ai>art  from  Ltie  traction  due  to  friction, 
to  move  it  upan  incline  having  a  20  percent,  grade.  Here, 
then,  can  be  seen  the  great  advaiitay:c  due  to  the  right 
method  of  making  a  levc!  at  the  f*xil  of  an  incline  to  neutral- 
ise the  resistance  due  to  the  weight  of  the  rope  at  the  be- 
ginning of  the  plane.  As  stated  before,  the  weight  of  a, 
jig  is  usually  equal  to  the  weight  nf  the  empty  car  plu.s  one- 
half  the  weight  of  the  coal  it  can  carry. 

RXAHPLR.— A  ««lf.aciJng  jig  incline  i>4  in  all  r^-sptHcls  the  ramc  as  the 
taat,  cxcepiinR  tho  grade,  vliich  ib  in  Ihia  <»i9c  unv  vl  10  [kt  cent 
Prate  that  it  will  he  Oirlf^cting  when  h  short  level  itt  provided  for  the 
start  of  the  Jig  or  emptir  car  befon^  it  beginsi  Its  ascent. 

SoLUTtoK. —Applying  formnU  197, 

the  realMance  to  be  overeumo  In  moving  the  rope. 

Applying  fdrmnla  199, 

jr^..</K.-J|-O-lin±i^>  =  .l(4.000-8.»0fl)-"-'^"^^-"">^ 

110  —  lISvS  K=  —  ti.&  lb.  E  the  available  gravity  force  when  the  grade  Is 
miform  lo  the  bottom  of  the  incline.  Tbib  negative  result  »hows  that 
iba  faiclip*  can  not  act.     But  if  the  jig  cuoinienoes  its  joiimey  for  the 

/*.    1 1 1.-3 


a« 


MIIfB  HAULAGE. 


gaa 


Applying  formula  199.  we  have 


"fir 


.3  Itx,  tbc  av»ii.iblc  grxvity  forca  duo  to  tbe  lo5(L 
Therefore,   ibc   uunibcr  of  can  In  a  train  Is  equal  t»  — p  =  1,880 

Jo 

cars.    An& 

It   is  plain,  however,  that  such  a  number  could  not  be 

made  t(j  act  in  practice,  for  olnicrvc  the  absurdities  involved 

in  a  case  like  this.     The  plane  is  only  2,U00  feet  in  length, 

and  if  the  cars  were  each  T  feet  lonp.  then  the  length  of  a 

train  (jf  cars  wcultl  be  equal  to   1,S20  X  *=  12,740  feet,  or 

13  740 
a  train  would  be  -^:.,7^  =  (i-37  times  the  length  of  the  incline. 


2328.     The  self-acting  incline  that  must  next  engage 
attention  is  the  jig  system.     As  has  been  shown,  the  jig  or 
balancK-carriagc  runs  on  a  narrow-gauge  track  wiihiu  the 
car-track,  or  it  is  made  to  run  in  a  parallel  opening.     The 
weight  vi  the  jig  is  equal  ti>  that  of  an  empty  car  phis  half 
the  weight  of  the  coal  a  full  car  carries.     The  result  is,  that 
when  a  loaded  car  descends  the  incline,  only  half  the  weight 
of  the  C'lal  it  carries  is  available  for  gravity  force,  because 
the  other  half  of  the  weight  of  the  coal  doe*  the  gravity 
work  of  raising  the  jig.     The  excess  of  weight  in  the  jig 
docs  the  work  of  raising  tlic  emiity  car.     As  <inly  one-half 
o£   the  weight  of   the  coal  docs  gravity  work    during   the 
descent  of  the  coal,  and  the  other  half  dncs  work  in  the 
hoisting  of   the  jig,  it    is  unly  on  inclines  »if   high  jjitch  and 
relatively  short  length  that  the  jig  system  can  be  adopted, 

Bxaart.R. — The  urade  f"»r  a  ji|r  iiirlinc  iK  3(1  per  cent., and  Ibc  length 
of  the  ruad  is  200  (cet.  Tht-  wtiKht  u(  tl>L-  rojx;  pi-r  fmit  of  k-n^th  i» 
l.S  jMiunds.  ilic  weight  of  a  full  car  is  4.0O0  pounds,  ihc  weight  o(  aa 
empty  «nv  ia  l.^W  jumiids,  and  th<!  weight  of  the  Jig  is  2,IKX)  jwuntU. 
Prove  tliat  tliia  jiK  incline  can  not  be  scU-octiog. 

Solution.— A]i|ilyiiiK  forinuU  197, 

;^,  ^  rf  If-,  +  -^  =  .SO  (SOO  X  1.2)  +  ^y-^  =  M  ib^. 
tbe  resistance  Iv  be  overcome  in  niovio|;  the  full  length  of  tbe 
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consequence  of  which  il  is  always  kept  closed;  i.  c.,  kept 
against  rait  if.  With  the  tongiie»  arranged  a^  shown 
to  the  figure,  the  loaded  cars  cf>mjng  from  track  A  force 
open  the  tongue  a,  as  shown  by  the 
dotted  lines,  and  pfiKS  over  the  track 
U,  where  Ihcy  may  \>c  let  down  the 
inrlinr,  the  tongtic  being  closed  by 
the  weight  14'  after  the  cars  jiaas  over. 
The  cars  coming  up  the  slope  on 
empty  track  ^open  the  tongue  <"  and 
close  tonguti  i,  as  shown  liy  the  dotted 
lines.  These  tongues  always  remain 
in  the  position  placed  hy  the  last  irain 
of  empty  rars  run  over  them.  On  the 
next  trip,  the  loaded  cars  from  track 
A  pass  over  to  track  C,  where  Ihcy 
may  again  he  let  down  the  slope,  and 
the  empty  cars  coming  up  the  slope 
on  track  B  move  the  tongues  b  and  c 
to  iheir  original  posiUon,  and  i)a«> 
on  to  track  D.  The  above  opera- 
tion is  then  repeated,  the  loade<[  cars 
taking  alternately  the  track;*  H  and 
C  and  the  empty  one*  always  the 
track  D. 


■'.a 


2331.    In  those  gravity-pUnes  in 
.  which  three  rail»  arc   used   from    the 

head  of  the  slope  to  the  parting, 
and  only  two  from  the  end  of  the 
parting,  an  automatic  switch  must 
\w  placed  at  the  junction  where 
the  two  rails  unite  with  the  parting. 
pm.  SK.  tn    Fig.  8^7  i<s   shown    an    automatic 

switch,  which  may  be  u«<:d  at  such  a  place.  Here  two 
timbers  .-I  »nd^,  p«Hntcd  at  the  ends  and  tx>und  with  iron, 
an;  pivoted  at  C  and  A  respectively,  in  such  a  manner 
lUut    they   may  move   freely   over    the  tops  of   the   rails. 
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With  the  timbers  in  the  position  sboim,  the    cmplr 
coming    along    track    E    vill    be  pulled  np  the  &!»[)£  oa 

track  /■',  while  the  descend- 
ing loaded  cars  coming 
di>vn  ibe  iJope  on  trark  G 
will  shift  the  limbers  over 
the  rails  to  the  p<t:«ition 
shown  in  flottcd  lines,  and 
go  along  track  R.  At  the 
riR  BBT.  next  trip  the    empty    cars 

coming  along  track  E  wil!  I»e  pulled  up  the  slope  on  track  (7, 
while  the  descending  loaded  cars  criming  down  the  slope  on 
track  F  again  shift  the  limbers  to  their  original  position. 
The  above  operation  is  then  repeated,  the  empty  cans  being 
pulled  alternately  up  the  tracks /'and  G.  Blocks  uf  wood 
ur  iron  a.  a,  a  arc  securely  fastened  to  the  ties,  to  prevent 
the  timbers  (ixmi  moving  too  far;  the  timbers  being  thus 
blocked,  verve  for  guide-rails,  lo  guide  the  vrbeels  of  the  cars 
to  their  respective  tracks. 


BAPKTV'ULOCKK. 

2332.  At  the  head  of  the  slope  near  the  brink  on  all 
gravity-planes  shimld  be  placed  an  arrangement  called  a 
Rnflpty-bloeb*  for  preventing  the  car:^  from  descending  the 
plane  before  they  arc  properly  attached  to  the  rope.  There 
are  various  forms  of  these  blocks  in  use,  differing  in  con- 
struction of  iheir  details,  but  representing  only  one  prin- 
ciple in  all;  namely,  that  of  providing  an  obstruction,  either 
over  the  rails  or  in  the  center  of  the  track,  to  prevent  the 
cars  from  passing,  and  of  removing  this  olHtnictiun  when 
the  cars  are  to  be  let  down  the  slope. 

2333.  One  of  the  best  forms  of  safety-blocks  is  shown 
in  Fig.  828,  in  which  .-J  and  Ji  are  two  timbers  pivoted  at  C 
and  D,  respectively.  The  end  of  each  timber  is  shaped  as 
shown,  and  iron-bound.  Directly  in  the  center  between 
these  timlxrrs  is  fa.slcnrd  an  iron  plutc  E  having'  a  slot  in  it 
through  which  the  vertical  part  F  of  the  rod  G  may  be 
moved  back  and  forth.     The  timbers  A  and  y  are  connected 
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'insider  the  conditions  fMlilinit  when  the  I'wJeil  car  h  nl  itic  top 
■nil  ibe  )lg  id  at  the  boitotn  nf  tlic  plane.  The  jig  cAn  bo  cnnsideTed 
uu  empty  cur  weighings, POO  ll>. ;  applyinK  Twrmula  1&9, 


F=a(tr,->r,)-i 


«''>  =  .2O(4.0«._8,90O)-f-^ 


I 


i1.i  lb.,  tlie  arailalila  gravity  force  at  the  duat^cnt  of  the  full  car. 
IVnfare,  tite  jig  Inrltna  can  not  hn  B«lf-acting,  becauM  there  are 
l]r4T.5poQod3i)f  gravity  furce  availatilc  lourcironit:  a  re^tanccof 


S 
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Ooe  thing,  however,  can  be  done,  and  tliat  is,  a  level  run 
of  30  feet  can  be  made  ai  the  (out  of  ihc  incline,  which  will 
gire  the  loaded  car  on  the  one  hand  and  the  jig  on  the 
othwsufiicienl  force  to  overcome  llie  initial  and  succeeding 
ftiiitaoce.  For,  at  the  start  of  the  run,  the  jig  or  the 
OBpiy  car  do«$  not  offer  any  gravity  resistance,  since  it  is 
Wtbe  level  run.  In  consequence,  the  gravity  force  is  in- 
^ftiied  in  the  following  large  proimrtinn :  The  weight  of 
lti«  jigis  3,tlOO  pounds;  therefore,  a  force  of  .a  X  2.;iriO—  580 
pjunji  is  required,  apart  from  the  traction  due  to  friction, 
'^movc  it  upao  incline  having  a  2<J  percent.  Rradc.  Here, 
ihsn,  can  be  seen  the  great  advantage  due  to  the  right 
*«}io(lof  making  alevel  at  the  foot  of  an  incline  toncutral- 
•tlhe  resistance  due  to  the  weipht  nf  the  rope  at  ilic  be- 
(tiwiing  of  the  plane.  As  stated  before,  the  weight  of  a 
H  iitiKuallyct|nal  tn  the  weight  nf  the  empty  car  plus  one- 
'''If  Oie  weight  of  the  coal  it  can  carry. 

Exun-LK. — A  itelfficting  jig  incline  ii*  in  all  rcspecutihe  mme  a»  the 
1*".  rice|>littg  Uie  gr.nlc,  vhii-h  is  in  this  case  one  of  ID  percent. 
tVot^ttut  it  vfill  be  seU-aciing  when  a.  thort  level  Is  provided  (or  tbe 
•*«  rf  the  jig  or  cni|)iy  car  befori:  it  begins  its  ascent. 

S<x«Ttu!«.— Applying  formula  ]d7, 

raiUaiK«  to  be  overenme  ia  moving  the  rope. 
Allying  formula  199, 

11'-  nan  =  —  U.8  lb.  =  the  available  grarity  force  when  iht  grado  Is 
"■Uom  to  the  bottom  of  the  inclino.  Thi*  negaiiv<'  result  kHows  that 
■eiaciitic  can  not  act.    But  if  the  jig  c^mnifiucob  its  journey  lor  the 
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levery  on  the  outside  of  this  track,  which  is  now  in  the  pi 
tlon  J'  shown  liy  the  doUctl  liut-s,  and  inovts  it  to  its  original 
position  J,  in  passing  to  traL-k  .1/,  thereby  ajtatn  placing  the 
timbers  A  and  H  over  Ihe  tracks.  On  the  next  trip,  the 
loaded  car*  coming  alonjf  track  M  take  track  0^  and  arc 
prevented  from  descendini*  the  slope  by  the  timbprs  Ixiinff 
placed  over  the  inner  rails  hy  the  la-^t  train  of  empty  cars. 
After  the  rope  has  been  fastened,  the  timbers  are  again 
moved  to  the  dotted  pf>silinn  by  one  of  the  levers y.  and  the 
cars  may  then  be  lei  down  the  slope.  The  empty  cars  com* 
ing  up  this  time  on  track  A'  pass  along  until  the  front  car 
reaches  the  lever  J  on  the  outside  of  this  trark,  which  is 
again  in  the  position  J'  t^hown  by  the  dotted  lines,  and 
moves  it  to  its  original  position  in  passing  to  track  M, 
thereby  again  placing  ihc  timbers  A  and  H  over  the  tracks. 
This  operation  is  rcpeaietl  every  trip,  the  empty  cars  coming 
lip  the  plane  and  automatically  placing  the  limbers  over  the 
rails,  to  prevent  the  loaded  ones  from  descending  the  plane. 

2334.  In  Fig.  83!)  is  shown  another  good  form  of  a 
safety-block,  consisting  of  a  heavy  wrought- iron  bar  A 
firnity  keyed  on  a  shaft  ii,  that  is  held  in  position  by  the 
bearings  C,  C,  which  arc  bolted  to  suitable  supports.  The 
top  of  the  front  end  <?  of  the  bar  \^  inclined,  as  shown  in 
the  figure,  and  is  caused  by  the  weight  I  J' to  project  up  in 
the  center  of  the  track  to  such  a  height  that  it  will  strike 
the  axle  uf  the  cars,  this  height  being  governed  by  the  lim- 
ber //.  At  one  end  of  the  shaft  //is  keyed  a  lever  D  (placed 
at  one  side  of  the  track)  by  which  the  block  is  operated. 
One  of  the  blocks  is  placed  in  the  center  of  each  track. 
With  the  tongues  of  the  switch  in  the  position  shown,  the 
loaded  cars  coming  along  track  E  take  track  /■',  and  run 
along  it  until  the  fnuii  axle  of  the  first  car  strikes  the  pro- 
jecting part  a  of  the  bar  A.  After  the  rope  has  been 
attached  to  the  cars,  the  lever  D  is  pulled  to  the  right, 
which  causcK  the  projecting  part  a  to  swing  down,  when  the 
cars  may  be  let  down  the  slope.  The  projecting  part  a 
should  be  held  down  until  all  the  cars  huvu  passed  over  it 
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the  lever  D  is  t1ten  released,  and  the  part  o  is  aj^ain  brought 
up  to  iu  proper  height  by  the  weight  W.  The  train  of 
empty  cars  cmntng  up  the  slojie  nn  track  G  finds  the  block 
in  the  position  shown,  the  axles  forcing  the  projection  a 
down,  which  may  be  readily  done,  since  it  is  inclined,  and 
train  passes  over  to  track  E.  After  the  cftrs  have 
:d  over  it,  ibe  projection  a  is  again  brought  up  by  the 
vtight  W  to  its  original  position,  as  shown.  On  the  next 
tfip,  the  loaded  (^ars  eoming  along  trncl;  ^  will  run  along 
track  G  uniil  the  front  axle  of  ihe  first  car  strikes  the  j»ro- 
jcciioD  a,  and  may  then  be  towered,  after  the  ropes  have 
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Wen  fastened  to  them,  by  pulling  the  lever  TV  to  the  right, 
ud  holding  it  until  the  last  car  has  passed  down  the  plane. 
The  empty  cars  this  time,  after  coining  up  the  plane  on 
imck  /^and  depressing  the  projection  a  as  before,  pai>s  along 
Inek  £,  after  which  the  projection  a  is  again  brought  to 
rti  original  posilifm  by  the  weight  W,  This  operation  is 
tlitn  repeated,  the  loaded  cars  being  let  down  the  slope  alter- 
''attlyon  each  track  by  pulling  cither  the  lever  D  or  D\  and 
ll»«  empty  cars  coming  up  the  slope  depressing  the  projec- 
till)  *.  When  this  block  is  used,  it  is  impossible  for  the  cars 
^i^iving  at  the  head  of  the  slope  to  run  down  the  plane 
^nst  (he  will  of  the  operator,  since  they  arc  always  in  the 
proper  position  to  prevent  the  cars  from  passing. 
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2335.     In  Pig.  ftSO  is  shown  anutlicr  saf«ty-block  which 
may  be  used  <jn  gravity-planes  where  light  loads  are  run^ 
This  consists  of  two  iron-bound  timber!*  /?  and  />',  pivoted 
C  and  D,  respectively,  in  such  a  manner  that  the  timlwr  A 
can  he  swung  over  the  top  of  the  rail.     One  of  these  blocks 
is  used  for  carh  track.     With  the  timlicrs  in  the  position 
shown,  a  loaded  car  coming  along  track  E  will  be  |ircvcntc4 
from  descending  the  plane.     After  the  rope  has  been  fa 
ened  to  the  cars,  the  timber  J*  is  BwtinR  to  one  side,  so  as 
allow  A   to  take  the  position  shown  by  the  dotted  lines.' 
The  empty  cars  coming  up  the  plane  on  track  P  6nd  the 
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timbers  in  the  position  shown  on  that  track,  and  pass  al 
after  which  the  limber  W  i»  swung  over  the  track,  and  is 
locked  by  the  timbt^r  B',  as  shown  by  tlie  dotted  lines.  On 
the  next  trip  the  loaded  cars  coming  along  track  /•"  this  time 
find  the  track  closed.  After  the  rope  has  been,  fastened  to  the 
cars,  the  timbtir  Jf  is  swung  over,  and  the  cars  are  let  down 
the  slope,  the  limbt:r  yJ'  btiiig  jiioved  by  the  wheels  to  its 
original  position,  The  empty  cars  coming  up  the  slope  on 
track  /:  find  the  timbers  A  and  />'  in  the  position  shown  by 
the  dotted  lines,  and  p.iss  along,  after  which  the  timbers  A 
and  fl  arc  again  placed  in  their  original  position  by  the  run- 
ner. This  operation  is  then  repeated,  locking  and  unlocking 
the  blocks  on  each  track  alternately. 

2336.     At   the  foot  of  the  gravity -planes  before  de- 
scribed there  should  be  a  slightly  inclined  surface  for  the 
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reception  of  the  cars  after  ihcy  have  descended  the  plane, 
the  cars  being  prtvviiit^d  from  running  along  the  surface  by 
■  scragging  the  wheels.  I(  they  ar«  tu  be  run  in  a  tipple, 
the  first  car  may  be  uncoupled  and  the  sprags  removed, 
thereby  letting  the  car  run  along  the  track  by  gravity  to 
the  tipple.  Instead  of  doing  this,  the  safety-block  shown 
in  Fig.  831  may  be  used,  vrhich  is  entirely  similar  tu  that 
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illustrated  in  Pig.  839,  except  that  the  short  end  of  the  lever 
A  is  nut  inclined  as  shown  in  Fig.  82£>.  With  this  arrange- 
ment, after  the  cars  have  dejicended  the  plane  and  been 
spraggrd,  they  are  uncoupled  and  the  sprags  nre  removed, 
thereby  letting  Uiem  run  along  the  track  by  gravily  until 
the  front  aile  of  the  first  car  strikes  tht-  projecting  part  of 
the  bar  A.  When  a  car  is  to  be  run  on  the  tipple,  the  lever 
/'is  pulleil  to  the  right,  thereby  swinging  the  bar  A,  the 
pnjjetting  curved  part  clearing  the  axles,  and  the  car  passes. 
After  the  rear  axis  haipiLWivl  over  the  projecting  part  of  the 
bar  A,  the  lever  D  h  released,  and  the  weight  r(*falls  down 
and  raises  the  projedins  curved  part  to  its  original  position 
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ttL'fore  the  axlf  of  ilie  next  car  strikes  Jt.  With  this  arrange- 
ment, the  cant  can  lit*  allowed  Co  run  to  the  tipple  as  required, 
it  beiny:  very  easy  tu  handle,  and  tiitnplc  in  construction. 

2337.  As  a  saicgiiard  against  life  and  property,  every 
inclined  plane  should  be  provided  with  ivonic  kind  of  an 
arrangement  to  prevent  the  cars  from  descending  to  the 
bottom  of  the  slope  in  case  the  rojje  breaks.     The  arrange- 
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ments  in  general  use  for  this  piirposc  are  very  crude,  either 
stopping  ilic  cars  coining  down  the  slope,  or  switching  them 
off  aftd  throwing  tliem  fr<im  the  track.  In  Fig.  834  is 
shown  an  arrangement  culled  a  mifcfy-luek  used  for  stop* 
ping  the  cars.  This  consists  of  iw-o  limlwrs  A  and  Jf  placed 
on  the  outside  of  th«  track,  having  their  front  ends  jwintcd 
and  iron-l>ound,  and  pivoted  at  C  and  /J,  reapecttvely,  in 
BUeli  .^  manner  that  Ihr  pnirted  ends  may  Iw  swung  over 
the  rails.  At  the  front  end  of  each  timber  is  fastened  a 
•cliain  /i.     This  chain  is  also  connected  to  one  leg  of  tht 
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cr&nfc  F,  to  ihc  other  Ivg  >»f  which  a  weiuht  Ifis  hung, 

ch  canines  each  linilier  to  always  take  the  portion  shown 

in  'Jie  figurf .     Tu  the  other  enti  of  each  timber  are  fastened 

the  ciiainft  G.     Each  end  of  ihcttc  chaing  is  cnnnectecl  to  one 

kguf  the  boll-crank  //,  the  chain  which  is  fastened  to  the 

timber  B  being  led  over  the  wheel  /,  which  is  securely 

ened  t<i  the  tics,  and  then  led  under  tliu  rails  to  the  bell* 

//.     T"  the  other  leg  of  the  Iwll-crank  //  is  connected 

I  «ite  /,  which  is  led  to  the  head  of   the  slope,  where  it 

ybc  pulled  by  the  runner.     The  operation  of  ihis  may 

apLiined   thus:   Uinm  the  rupc  breaking  and  the   rars 

itig  down  the  slope,  the  runner  at  the  head  of  the  plane 

Hi  the  wirey,  which  causes  the  bell-crank  //to  swing  the 

limed  ends  of  the  timbers  A  and  B  over  the  rails  into  the 

pou^onshnwn  by  the  dotted  line«.     The  wheels  of  the  cars, 

upon  rearhing  this  ptiini,  strike  the  timbers,  and  a  g'cncral 

wu$b-up  follows.     Ii  ran  well  be  supposed  that  this  luck 

"Mut  be  re]>aircd  after  each  time  it  has  been  in  use. 

2338.    An  arrangement  for  switching  the  cars  off  the 

b  shown  in  Fig.  833.in  which  two  tongues  //  and  B  are 

^»aA  as  shown  and  fastened  to  a 

^vxC,  one  end  of  which  is  con- 

*tted  toonc  legof  the  bclbcrank  I), 

I      luviiig  a  weight    \V  hung  to   the 

I      <^4)ierleg,  which  causes  the  tongues 

I      to  alTays  take  the  position  ithown, 

^^hrmher  end  of  the  chain  C  is  led 

^■»and  the  pulley  E,  which  is  i-xfX' 

^Hkil  to  the  croRR-tle,   and    is  at- ^i 

PBwkcd  to  a  wire  /-"  led  to  the  head  w  I 

*>f  ibe  plane.      This  arrangement 

admit*  of  the  empty  cars  being  run 

op  the  slope,  since  the  wheels  force 

wcr  the  tongue*  A  and  Ii  to  the 

I^Miition    shown     in    dotted     linc<<. 

PBrkcn  the  Ji^dcd  cars  come  down 

t*w  ikipc,   the   tungueft  A   and  B      ^         fig,  sa 
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must  be  pulled  over  by  the  wire  A' to  ilie  position  shown  Vf 
the  flotted  lines,  so  that  the  fats,  may  p.iss.  Incase  the  rope 
breaks  at  any  point  ahove  the  switch,  the  wire  A  is  not 
piillcd.  since  the  tongues  arc  always  in  position,  or  closed,  so 
that  the  runaway  cars  will  be  switrhrcl  off  to  unc  side.  This 
arrangement  possesses  the  property  of  always  being  set  to 
switch  the  runaway  cars  off  the  track;  but  this  is  done  at 
the  ex|>cnse  oi  an  extra  amount  of  labor  on  the  part  of  ihe 
runner,  as  he  must  pull  the  wire  V%  in  order  to  open  the 
switch  when  the  descending  cars  reach  it,  for,  otherwise, 
llicy  would  be  switched  to  one  Bide. 
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2339>  This  is  a  system  of  haula^^c  that  is  adopted  on 
{nclined  roads  where  the  pitth  is  just  sufficient  to  run  the 
trains  down  grade  with  the  haiding-ropc  attached,  or  wdcrc 
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the  direction  of  the  pitch  is  such  that  the  loaded  cars  muB 
be  hauled  up  grade.     By  reference  to  A,  Fig.  834,  the  direc- 
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lion  of  the  pitch  is  such  thai  the  trains  must  he  hnuled  up 

gnde,  whereas  in  Jiihe  loailed  carsmiisi  be  lowered,  because 

the  direction  of  the  pilcli  is  down  grade.     Hence  in  W  the 

hauling-cngint  is  lixralcd  at   the  sh-ifl.   whereas  in  //  (ho 

cDgine  is  located  cither  at  heudof  ihc  incline  ur  at  tbt:  »li.irt, 

Inlbe latter  ca»c,  the  mpe  i« conducted  along  one  side  u(  tlie 

Uick,  and  carried  round  a  return  sheave,  as  shown  in  Fig. 

SW.     In  C,  Fig.  S34,  the  hauling  is  done  un  twu  reverse  in- 

dine&:  consequenily,  the  engine  must  be  placed  at  the  highest 

tkratlon  of  the  inclined  roads. 

3340a  ^'^S-  '^■^  shows  threedistinct  classes  of  engine- 
pUocs:  (I)  Those  on  which  the  loaded  cars  arc  hauled  up 
pide  by  the  engine,  and  the  empty  cars  arc  run  back  by 
rrarity.  as  in  A,  where  the  full  trains  arc  hauled  upgrade 
Ir^ini  t  to  a.  and  the  empty  curs  are  run  back  from  a  to  ^. 
"J  Those  on  which  the  loaded  train  runs  down  an  easy 
ijride,  hauling  the  rope  with  it,  and  where  the  empty  train 
;"^ii«  be  hauled  up  grade  with  the  engine.  (J)  Tlinsc  on 
"'iicli  the  cngiae  is  located  at  the  head  of  two  reversely  in- 
''liaed  ruads,  as  in  C.  In  the  latter  ca»c,  the  engine  hauls 
'^kaded  trains  up  grade  from  A  to^.  and  then  the  loaded 
^^^  proceed  down  grade  by  gravity  from  f  to  r,  and  the 
«iip(y  trains  are  hauled  up  grade  from  <•  to  /  by  the  engine, 
*n<l  then  run  down  grade  from  ^  to  A  by  gravity. 

23-41,  In  mine  haulage,  engine-planes  of  the  character 
'^"wn  in  C,  Fig.  S34.  are  found  to  furni.-ih  ihe  best  pos);ible 
"5alis,  for  where  the  scam  is  undulating  the  reverse  inclines 
U:  found  to  supply  excellent  conditions  for  long  haulage  to 
Wjnne  cheaply  and  expeditiously,  because  the  engine  can 
tvlKAted  at  the  highest  point  between  the  two  inclines.  If 
"lerun  from  the  shaft  to  the  engine  is  a  mile,  and  thai  from 
tfi;  rnginc  to  the  foot  of  the  incline  g- /t  is  half  a  mile,  one 
•I'lrm  and  one  rope  can  be  made  to  run  the  empty  cars  first 
from  the  shaft  to  the  engine,  and.  second,  to  lower  the  cars 
ffon  the  engine  to  the  fool  of  tJie  down-grade  incline  .§■  A. 
In  sboft.  a  pair  of  reverse  inclines  can  be  made  to  obviate 
ilie  uoesaity  of  the  use  of  a  tail-rope. 
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2342.  There  are  two  cases  in  which  the  engine-plane 
issuperior  to  all  other  systems.  They  are:  (I)  where  the 
seam  is  pitching  heavily  from  the  shaft,  for  then  no  type  of 
locomotive  can  be  used  to  do  the  haulage  as  cheaply  and 
quickly;  (2)  when  the  road  passes  over  two  reverse  in- 
clines, where,  however,  the  pitch  from  or  to  the  shaft  is 
small  ur  just  sufficient  to  run  the  train  back  with  the  rope; 
ihen  locomotive  haulage  can  sometimes  be  adopted  with 
better  results.  Fig.  836  is  a  good  illustration  of  an  engine- 
plane  haulage  to  the  shaft,  and  shows  in  plan  where  the 
Mgine  is  located  with  reference  to  the  lead  or  line  of  the 
rope. 

2343.  In  some  of  the  later  installations  of  engine-plane 
haulage,  the  engine  is  not  located  in  the  mine,  but  on  the 
Surface,  and  the  haulage-rope  is  conducted  down  the  shaft, 
Or  down  a  bore -hole  made  for  the  purpose.  Fig.  837  sup- 
plies a  good  illustration  of  how  the  hauling-engine  may  be 
loated  at  the  top  of  an  incline  for  upward  haulage;  but 
this  is  a  surface  arrangement,  and  has  attached  to  it  an  ap- 
pliance that  is  seldom  required  in  a  mine.  However,  as  it 
is  used  in  connection  with  mine-surface  appliances,  and 
sometimes  on  slopes,  it  is  here  considered  worthy  of  notice. 

The  device  in  question  is  the  barney  or  truck  M  seen  be- 
hind the  full  car  that  has  just  arrived  at  the  top  of  the  engine- 
plane.  The  barney  is  a  little  car  that  runs  on  rails  set  be- 
tTeen  the  rails  of  the  coal-car.  The  rope  is  attached  to  the 
barney,  which  is  thus  used  to  push  the  full  car  up  the  in- 
cline in  front  of  it,  so  that  when  the  full  car  reaches  the  top 
trf  the  incline,  it  can  run  away  by  means  of  its  inertia. 
Again,  when  the  empty  car  reaches  the  foot  of  the  incline  at 
P,  the  barney  dips  down  into  the  little  pit  at  .V,  and  becomes 
disengaged  from  the  empty  car,  which,  by  the  inertia  ac- 
quired by  the  velocitydue  to  its  descent,  runs  intoa  parting 
to  allow  the  next  full  car  to  run  over  the  barney.  When 
the  engine  starts,  the  barney  rises  out  of  the  pit  and  bumps 
gainst  the  full  car  as  before. 
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2344.  Before  considcrinj;  the  numcriral  cjilrulations 
concerning  t-nginc-pliincs,  some  other  niatttr*  -.if  <lcl;»il  in 
the  working  of  the  tracks  must  be  noticed.     For  example, 


where  curves  occur  the  i^iide-shcavcs  for  the  rope  arc  »<•  »ct 
within  the  railt:  that  the  rope  is  motile  to  run  in  the  middle  of 
the  track,  as  in  Pig.  838;  or,  if  it  is  desirable  to  use  larger 


Piu.  (M. 

sheaves  that  will  nnt  damage  or  strain  the  rope  by  sharp 
beads,  the  sheaves  arc  stMnetimes  set  on  the  side  of  the  track 
that  r-orresiionds  to  the  inside  of  tbe  curve,  as  in  Fi^.  P;4n. 

2345.  Thcdrng-bar,  or  bai-k-sct,  shown  in  Figs.  840  and 
841,  is  a  provision  made  f«ir  safety  durinjt  ihi:  asrenl  of  heavy 
trains  f>a  cngtnc-p lanes. 

In  the  event  of  a  broken  rope,  this  prevents  the  train 


J". 


i 


ll...   Ml 


from   running  I>ack,   and  by  this  means  the  damage  that 
would  otherwise  occur  is  prevented. 

A  |o(»c  dr.ig-bar  is  »hown   in  Fig.  81(1.     It  is  simply  a 
vuxiog  Iron  bar  hooked  to  the  rear  of  the  last  ear  in  tbe 
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train.  Its  mnde  of  operalion  is  as  follows:  Afi  the  train 
rujis  up  the  incline,  the  bar  trails  over  iIik  ground.  Should 
the  rope  or  one  of  the  couptinif -chains  break,  it  sticks  into 
the  ground  and  ]>revcnts  the  train  from  running  back.  The 
drag-bar  shown  in  Fig.  Ml  is  the  &tt.nic  in  character  as  that 
shown  ill  Fig.  840,  except  that  it  i»  prevented  from  trutling 
and  knockinj;;  a(>;ainst  the  rollers  on  the  ascent  of  the  train, 
being  suspended  by  i  lie  chain  J\f,  one  end  nf  which  is  .attached 
loosely  to  a  bent  hook,  which  has  ihe  shape  shown  by  the 
dotted  lines.  A  second  hook  fits  over  the  end  nf  the  first 
one,  and  the  weight  of  the  bar  straightens  the  chain  which 
supports  it  by  means  of  the  two  hooks.  In  case  of  accident, 
the  bar  is  dropped  to  the  ground  by  the  train-rider  pulling 
the  roi)e  which  is  aliached  to  the  smaller  hook  on  ihe  right. 
This  pulls  the  smaiier  hook  over  the  projection  on  the  end 
of  the  bent  hook,  thereby  causing  the  latter  to  slip  through 
the  end  link  of  the  chain,  and  take  the  position  shown  by 
the  doited  line.**.  This  action  releases  the  bar,  which  there- 
upon falls  and  digs  into  the  ground. 


234().  In  a  large  mine  there  can  not  be  a  main  hautago 
fur  which  all  the  loaded  cars  arc  gatlievcd  at  one  station. 
Since  this  is  the  case,  not  only  must  the  system  uf  the  main 
haulage  be  modified  so  as  lu  rura  the  work  off  from  different 
stations,  but  sometimes  a  system  that  appears  in  all  respects 
the  best  for  the  grades  of  the  main  haulage-roads  must  be 
abandoned  for  .another  that  will  .illow  the  gathering-iip 
stations  to  be  located  nearer  to  tlic  working  faces.  Fig.  842 
furnishes  such  a  case.  Here  the  head  of  the  engine-plane  Is 
at  the  shaft,  and  the  gathcring-up  stations  arc  located  at 
the  entrance  to  the  sitle  entries.  If  the  latter  are  driven 
along  the  strike  of  the  scam,  as  llicy  happen  to  be  in  this 
ease,  the  main  haulage  is  made  to  reach  no  farther  than 
where  the  main  rope  is  taking  hold  of  the  two  full  cars  at  Ji. 
It  is  dear,  then,  that  the  engine-plane  haulage  here  adopted 
is  an  expensive  one.  To  avoid  cx]>ensc,  cither  the  side 
entries  should  he  driven  on  a  pitch  sufficient  to  allow  the 
trains  to  run  to  gathcring-up  stations,  nearer  the  working 
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faces,  or  another  system  uf  haulage,  such  as  main  and  tail 
rnpc,  or  endless  rape,  &hnuld  \ic  adapted  to  reduce  the  cost  of 
long  and  expensive  local  haulage.     Cases  no  doubt  occur  in 


PM.  SA 

vhich  the  side  entries  are  so  short  that  the  main  and  local 
haulage  here  shuvrii  would  do,  hut  they  arc  exccptioii.TJ, 

Z347.  In  cnginc-planc  haulage,  it  is  impurtatit  that 
trams  o£  reasonahlc  length  he  nin;  othcrwiscagreater  num- 
ber of  cars  are  required  than  it  is  prudent  to  use  for  the  out- 
pot.  The  number  of  ears  hi  a  train  should  not  exceed 
thirty,  and  the  grade  sliuuld  not  be  less  than  3  per  cent,  to 
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atuiii  an  average  speed  uf  10  miles  an  hour  when  running 
back.  A  train  of  empty  cars  in  good  working  ordrr,  and 
runniog  on  a  gixtd  iraii'k,  will  acquire  a  good  spixd  on  a  pitch 
of  3.?S  |>er  cent.,  and  a  train  of  full  cars  under  the  same 
conditions  will  run  at  a  good  speed  on  a  pitch  «f  9pcr  cent.; 
but  for  all-around  good  work,  a  pitch  of  3  i>er  cent,  is  the 
most  reliable,  and,  therefore,  should  be  the  minimum. 


4 


CAL£:UI.ATtONH  FOR  BKfil WK-I'I.AKR  IIAI-|,A<:K. 

2348.  To  find  the  tension  in  the  hauIage-ropc  when 
the  inclination  nf  the  ro:id,  the  length  and  weight  of  the 
rope,  the  number  and  weight  of  the  cars,  and  the  coefficient 
of  traction  are  given,  proceed  as  follows:  First,  find  the 
traction  due  tn  the  friction  u{  the  weights  of  the  cars,  cnal, 
and  rope  as  follows;  Divide  the  sum  of  the  weights  of  the 
cars,  coal,  and  rope  by  40,  the  latter  number  being  the  co- 
efficient of  traction  due  to  friction.  Second,  to  lind  the 
traction  ret|uired  for  the  gravity  due  to  the  incline,  multi- 
ply the  sum  of  the  weights  of  the  car,  coal,  and  rope  ly 
the  per  rent,  of  grade,  and  the  product  is  the  traction  re- 
quired for  gravity.  To  find  the  total  force  required  for 
traction,  or  the  tension  in  thehauling-ropc,  add  the  traction 
due  to  friction  to  the  traction  due  to  gravity,  and  the  sum 
is  the  tension  in  the  hauling- rope.  What  bas  been  here  said,. 
can  be  shown  by  a  formula. 

Let  ir=  the  total  weight  of  the  train; 

w  =  the  weight  of  the  rope; 

<r  —  ^  33  the  coefiirient  of  friction; 

a  =  the  grade,  per  cent.; 

7"  —  the  tension  in  the  rope  in  pounds. 


Then,   T^ 


^a{lV+ic').  C200.) 


KXAMi't.R. —  SI)  loaded  niu^  wclfth  4,000  pnundit^'iich,  and  the  hauting- 
rrtiic  is  fi.OOO  feet  lotiK  and  weighs  .M8  pound  |jcr  fmn.  What  i^  iht 
tcnKion  in  thv  n>|H;  ul  llir  momrtit  tliv  ciiginn  hauls  away  from  tho 
hottom  of  llu'  incline,  the  grade  being  S  por  cvnt-? 
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Solution, — The  tension  due  to  friction  is  equal  to 

(20  X  4.000)  +  (5,000  x  .88)       „.,„,. 
40 =2.110  lb. 

The  tension  due  to  gravity  is  equal  to 

.03  [{20  X  4.000)  +  (5.000  X  .88)]  =  2,632  lb. ; 

and,  therefore,  the  total  tension  in  the  rope  is 

2,110  +  3.532  =  4,642  lb.     Ans. 

The  total  tension  can  be  found  by  substituting  the  values  in 
formula  200  ;  thus, 

(SOX  4,000,  ^^(5.000  X  .88)  ^  ^^  ^^^  ^  ^^^  ^  ^^^  ^  ^^  ^  ^^^  ^^ 

Example. — Suppose  that  the  train  in  the  previous  example  is  made 
to  run  with  a  velocity  of  12  miles  an  hour.  What  would  be  the  horse- 
power required  to  do  this  work  ? 

12  V  5  280 
Solution. — The  velocity  of  the  train  is  ^ =  1,056  feet  per 

minute.  The  tension  in  the  rope  was  found  to  be  4,S42  lb.  Hence, 
i£  1,0.">6  be  multiplied  by  4,ft42.  the  product  will  be  the  number  of  foot- 
pounds of  work  per  minute  the  engine  must  do,  and  if  this  product  be 
divided  by  38.000,  the  quotient  will  be  the  horsepower  required. 

Thus.  H.P.  =  ^:^|^  =  148.5H.P.     Ans. 

23*19>  There  is  one  peculiarity  in  the  solutions  that  have 
just  been  arrived  at,  and  that  is  tlic  taking  of  the  full  weight 
of  the  rope.  The  student  will  ob.serve  that  the  engine  must 
only  overcome  the  total  weight  of  the  rope  at  the  moment 
of  slartinjj  the  run,  and  at  tlie  finish  of  the  run  the  weight 
of  the  rope  has  no  effect;  therefore,  the  mean  weight  of  the 
rope  against  the  engine  is  half  the  total  weight.  It  would, 
therefore,  appear  that  the  total  weight  of  the  rope  should 
not  be  taken;  but  it  so  happens  that  as  the  weight  of  the 
rope  reduces,  the  leverage  against  the  engine  increases. 
The  engine  begins  to  haul  with  an  empty  drum,  and  as  the 
rope  rolls  on,  the  radius  of  the  drum  increases,  and,  there- 
fore, if  the  engine  runs  at  a  constant  speed,  the  speed  of  the 
train  quickens  as  the  rope  shortens.  For  this  reason,  the 
correct  average  of  resistance  is  found  by  taking  the  total 
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weight  of  the  rope  throughout  the  run  as  an  offset  to  the 
increasing  radius  of  the  drum. 

Example. —  S6  loaded  cars  weigh  4,600  pounds  each,  the  length  of 
the  engine-plane  is  8,000  feet,  the  weight  of  the  rope  per  foot  is 
1.3  pounds,  the  grade  of  tiie  incline  is  5  per  cent.,  and  the  velocity  of 
the  train  is  13  miles  pur  hour.  What  is  the  tension  in  the  rope  and 
the  required  horsepower  of  the  engine  ? 

Solution.—    ^  =  25  x  4,600  =  115,000  lb.; 
w=  1,2x6,000=      7,2001b. 

Substituting  these  values  in  formula  200,  we  have 

"^'^"^  '^'^^  +  -05(115,000  +  7.200)  =  fl.105  lb.     Ana. 

The  velocity  of  the  train  is    '—J^-    ■  =  l.I**  ft.  per  min. ;  there- 

*           L    ._                     .   9,165x1,144      „.„„,,  „       . 
lore,  the  horsepower  is        ■...,,,,■. =  817.7  H.  P.     Ans. 

o3,UUU 

2350.  The  weight  of  the  rope  is  such  an  important 
factor  in  the  loss  of  useful  effect  on  an  engine-plane,  that  if 
the  work  is  run  off  at  a  high  velocity  with  a  rope  of  light 
weight,  it  can  be  done  with  a  less  expenditure  of  energy. 
To  prove  this,  suppose  the  same  amount  of  work  must  be 
run  off  as  in  the  previous  example,  but  at  a  rate  of  double 
the  speed  and  with  a  rope  of  one-fourth  the  weight;  what 
horsepower  is  required  to  do  the  work  with  the  lighter 
rope  ? 

One-half  of   If  in    the  preceding  example  is  ■ — -^ = 

7  2(10 
57,500.     One-fourth    of    7i.<    is    —■^=  1,800  lb.,    and    the 

velocity    per    minute    is,   for    2G    miles   an    hour,    equal   to 
^''  ^(10 '^^"  ^  ^'^*^^  ^^-     ^^'"*''  formula  200,  we  have 

57.500  +  1.800^,^.  ^„^^^  ^  ^_^,,^j  ^  ^^^^._^  ,^_^ 
and  ?,^5|>yi±il.^  =  ;,os.4H.P.     Ans. 
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Prom  this  cAlcul;itioii,  it  is  plain  that  the  loss  of  useful 
effect  due  to  the  heavy  rope  is  equal  to  3IT.7  —  308.4  = 
9.3  H.  P. 

2351.  Engine-plane  haulage,  like  all  other  KyKtems,  is 
capable  of  being  mudilied  for  xpccial  condiiUinK,  and  some- 
time* these  modifications  are  of  great  importatiu-c.  Pur 
example,  llie  iiiodifications  may  be  such  as  to  cli«cly  approxi- 
mate to  some  of  the  modes  of  action  of  a  main  and  tail  rope 
haulage.  In  such  ncasc,  the  haulage  from  four  or  more  dis- 
tricts in  a  large  mine  is  done  with  sefiarate  ropcK,  that  are 
made  atlacliahlc  and  detachable  with  coupIing-stK-kcts.  The 
haulage  will  be  done  with  what  are  practically  tail-ropes, 
because  tbcy  are  used  for  haulini^  from  the  engine  instead 
of  to  it,  the  shafts  't>eing  situated  in  a  shallow  basin  of  such 
a  character  that  the  loaded  trains  will  nm  by  gravity  to  the 
shaft,  but  have  not  tiuflirient  fall  to  haul  the  empty  trains 
away  into  the  ditTerent  utations  in  the  workings.  ICach  dis- 
trict rope,  therefore,  takrs  llic  exact  form  of  a  tail-rope,  for 
if  the  cars  arc  hauled  into  four  districts  A.  H,  C,  and  D,  at 
each  of  the  stations  there  is  fixetl  a  return  wheel  for  the  dis- 
trict tail-rope.  To  haul  into  any  one  of  the  districts,  the 
tneth'jd  of  c<tupling  is  as  follows:  One  end  of  the  tojjc  is 
coupled  with  a  socket  to  the  rope  on  the  drum,  and  the 
other  cnit  is  coupled  onto  the  inner  enrl  of  the  empty  train 
for  hauling  in.  The  engineer  then  receives  the  .signal, 
"  Haul  into  A  station."  and  when  the  train  arrives  the  rojw 
is  knoctced  oft  and  attached  to  a  full  train,  and  then  the 
signal  i*  given  to  the  engineer,  "  Drop  away  the  full  train 
from  A  station. " 

This  is  a  cheap  and  efficient  Bysteni,  where  the  conditions 
are  tiuch  as  have  been  stated. 

2352.  The  district  rope  system  of  engine-plane  haulage 
is  also  adopted  in  cases  where  the  .scam  and  the  workings 
advanceup  grade  from  one  side  of  the  shaft  and  down  grade 
from  the  other,  and  ihc  scam  is  pitching  siiflficicnily  fur  the 
empty  train  lo  fall  ont;  way  and  for  the  full  train  to  fall  the 
other.      The  power  required  to  do  the  work  of  this  variety 
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of  engine-plane  haulaj^t:  !»  wortliy  of  careful  consulcration.^ 
Fi["3t,  the  rope  is  hiilanced,  for,  en  hauling  away  from  the 
hoistitii^-slmft,  tlie  ropi:  lies  aloiij;  one  side  of  the  track, 
reaching  lo  the  return  wheel,  and  the  rope  from  the  rctwrn 
wheel,  lying  in  the  middle  of  the  track,  rcaehes  to  the  engine 
near  the  shaft.  Therefore,  nn  allowance  need  lie  made  for 
resistance  due  to  the  weight  of  the  rope,  further  than  that 
twice  the  weight  of  one  side  of  the  rojje  is  taken  to  find  ihe 
rcsistanre  due  to  fricrtinn.  Second,  the  only  resistance  due 
to  gravity  is  that  of  the  train  of  empty  cars.  The  following 
example  shows  how  the  horsepower  is  found  for  a  haulage 
of  this  character:  ^J 

EXAMPLK. — WTiat  hnrscpowcr  brequlred  to  haul  30  empty  cars  along 
nn  incline  4,0(K)  U-vt,  limg,  liuvitign  grade  <>(  S  jut  iy?i«.  ?  An  (-iniity 
car  wciitlin  1,-H)0  inmm!s,  ihc  wviRhl  of  the  rupc  per  ivot  vf  Icncih  U 
.W  pound,  and  Ihc  inaximimi  vclvicily  i'(  Ihn  tmin  i«  12  milrK  [ler  hour. 
SoLirTios.— The  weight  of  Ihc  nipc  is  H.«H>x2x -f^  =  ".MO  lb., 
anil  th(j  weight  of   3Ci  tmply  care  !s  equal   to  1,400  X  80  =  <S.(MW  Ibu 

! ts '  =  ■ -r-. =  3.221!  IK.  the  rttMStann:  cue  lo  fnctmn, 

40  M) 

and  (J  (]'  =  . OS  X  43.000  =  1.2B01h,.  the  rcsiatarce  due  to  gravity.   Then. 
I,asft+ 1,9(10  =  2,488  lb.,  the  ti^nsion  in  The  rope.     Again,  12  miJ^nan 


hour  is  equal  lo 


6.SflO  X  13 


00 


~~  =  l.n.Mi  tret  per   minutv;    therefore,   Uie 

Ans. 


required  horsepower  i«  ■'■  ...-.  .-''- — -  =  Ttl.nsa  H.  P. 


h:i,iw 

235Ci*  From  the  foregoing,  the  following  equation  gives 
the  tension  in  the  rope  of  an  engine-plane  havinj^  a  return 
rope: 

T=^-^^  +  aJK  (20t.) 

Also,  if  r=  velocity  in  feet  per  minute,  and //=  the  horse 
power,  Ihc  following  equation  gives  the  horsepower  required 
to  operate  the  plane: 

The  student  should  here  carefully  note  that  in  this  case  the 
resiitance  due  lo  gravity  i*  ,i)3  IK  instead  of  .03  (IK-fw), 
as  in  the  other  cases;  if  lie  observes  the  reason  for  thi» 
difference,  he  will  avoid  future  causes  of  perplexity. 
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TAIL.ROPE    SYSTEM. 


DESCRIPTION  OP  THB  SYSTEM. 

2354.  There  are  four  classes  of  roads  on  which  this 
system  of  haulage  may  be  adopted  with  success,  namely: 

Level  roads. 
Undulating  roads. 
Roads  of  small  pitch. 

Roads  on  which  alternate  levels  and  relatively  high  pitches 
occur. 

2355.  The  mode  of  action  that  characterizes  this 
system  is  that  of  a  special  provision  for  hauling  in  opposite 
directions.  This  is  secured  by  means  of  two  ropes,  called, 
respectively,  the  main  and  tail  ropes.  Another  feature  of 
this  system  is  its  adaptability  for  hauling  trains  of  cars  to 
and  from  all  the  gathering-up  stations  of  the  different  dis- 
tricts in  a  mine.  In  hauling  to  the  hoisting-shaft,  it  is  clear 
that  the  destination  is  the  same  for  every  loaded  train,  from 
whatever  gathering-up  station  it  may  come;  and  as  the 
hauling-engine  is  either  located  in  the  neighborhood  of  the 
shaft,  or  the  hauling-ropes  enter  the  mine  through  the  shaft, 
it  is  clear  that  the  rope  that  is  always  pulled  in  one  direction 
towards  the  shaft  will  have  some  specific  name,  and  this 
name  is  t/tai'n  rope ;  that  is,  it  is  the  one  rope  that  does 
the  hauling  out  of  every  district  to  the  shaft.  Hence  its 
name,  main,  or  chief  rope,  or  rope  that  is  always  used  for 
hauling  to  one  point.  The  same  can  not  be  said  of  any  of 
the  tail-ropes,  for  they  are  used  for  hauling  to  different  sta- 
tions. To  realize  what  their  use  is,  suppose  that  there  are 
five  gathering-up  stations,  A,  B,  C,  D,  and  £\  then,  to  haul 
to  the  A  station,  a  special  district  tail-rope  is  required,  for 
this  rope  must  pull  in  the  direction  of  the  A  station  only,  or 
the  station  to  which  the  train  must  go.  This  being  so,  the 
tail-rope  for  A  will  not  do  for  B,  neither  will  the  B  rope  do 
for  the  A  station.  The  same  is  true  of  the  other  three  sta- 
tions. Therefore,  if  it  is  intended  to  haul  out  of  five  dis- 
tricts, five  tail-ropes,  or  one  for  each  station,  are  required. 
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The  tail-ropes,  then,  arc  peculiar  to  the  districts  for  whose 
haulagt  tbcy  are  uiM.-d. 

2Ci56.  A  very  good  idea  of  the  use  of  the  tail-rope  may 
be  obtained  from  aatudy  o(  Fig.  S43.  In  this  case,  a  train  of 
cars  i»  supposed  to  bo  running  on  a  level  road  hauled  l>y  tbc 
engine  .-1  to  the  shaft.  It  is  <;lear  that  wiihuul  a  rcvcrKC  or 
tail  rope,  this  engine  trniild  not  be  applied  tn  haul  an  empty 
train  batk  to  B;  llicreforL-,  in  the  absence  of  a  tail-rope 
engine,  the  engine  yy  must  do  the  return  liauling.  Il  will 
readily  be  seen,  that  the  rope  running  onto  the  drum  of  the 
engine  A  takes  the  place  of  the  main  rope,  and  the  rope  run- 
sing  onto  the  drum  of  the  engine  Ji  take»  the  place  of  the 
taiUrope;  yet,  it  is  not  truly  a  tail-rope,  for  the  one  is  as 
much  a  main  rope  as  the  other. 

The  chief  lcs»jn  this  figure  teaches  is  the  difference 
between  this  system  of  haulage  and  that  of  the  engine- plane. 
In  tbc  latter,  gravity  did  the  work  that  is  done  in  the  former 
by  the  tail-rope.  As  on  a  level  plane  there  is  no  force  like 
the  earth's  gravity  to  return  the  train  to  the  point  whence 
it  is  hauled  by  thctingino  A,  the  engine  i?  is  made  to  do  the 
tail-rnpc  or  return  haulage. 

2357.  Fig.  fH'l  shows  how  the  return  haulage  is  done 
with  a  tail-rope.  It  will  be  noticed  that  the  two  drums  on 
the  engine  at  the  left-hand  side  of  the  hgureare  fur  winding 
tbe  two  haulage-ropes.  For  e:tample,  ^  is  the  drum  for  the 
main  rope  and  J  is  the  drum  /or  the  lail-rope.  The  main 
rope  is  coupled  to  the  front  of  the  train  of  cars,  and  is  seen 
to  bo  hauling  them  to  the  shaft.  The  tail-rope,  on  the  other 
hand,  is  uncoiling  from  its  drum  and  passing  along  the 
side  of  the  track  on  rollers  at  a,  a,  <»,  and  ultimately  il  is 
Kcen  passing  around  the  return  sheave  at  -S  to  the  rear  end 
of  the  train  to  which  it  is  attached. 

Fig.  M'*  is  an  illustration  of  how  the  return  sheaves  are 
erected  at  the  gathering-up  stations  at  the  ends  of  the 
haulage  districts. 

235S>  Having  so  far  given  a  general  description  of  this 
system  of  haulage,  it  next  becomes  important  to  notice  tbe 
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use  and  relationship  <if  certain  mcclmnical  details  with  which 
the  student  mu^t  he  familiar  before  he  cjlii  claim  to  have  an 
iatimatv  acqttaintance  ^ith  this  system  of  bau)ai;e.  For 
example,  it  ia  not  enough  that  he  should  know  that  two 
haiiling-finims  are  uw^d,  but  he  should  thoroughly  under- 
stand the  special  work  JorwhJch  each  is  intended.  It  is  not 
difnciilt  In  coni-hidc:  that  one  of  them  is  for  the  coiling  and 
uncoiling  of  the  main  rnjic,  and  the  other  to  do  the  same 
for  the  tail-ruf>c,  for  it  so  happens  that  while  one  coils  on, 
the  other  uncoils.  For  example,  when  the  main  rope  ts 
coiling  on,  the  engine  is  engaged  in  hauling  coal  to  the 
shaft  from  one  of  the  stations,  and,  therefore,  as  the  main 
rope  is  coiling  on,  thetail-mpc  must  he  uncoiling.  As  the 
train  is  approaching  the  shaft,  it  is  hauling  in  its  rear 
the  tail-rope;  when  the  train  has  reached  the  bottom  of  the 
hoisting-shaft,  the  tail-rope  is  uncoupled  from  its  rear  and 
attached  to  the  front  of  an  ingoing  empty  train,  and  at  the 
same  time  the  main  haulage-rope  is  uncoupled  from  the 
loaded  train  and  coupled  to  the  rear  of  what  is  now  the  in- 
going empty  train.  To  effect  a  change  in  the  direction  of 
haiUage,  the  tail-rope  drum  is  thrown  iota  gear,  the  maiD- 
rope  drum  is  thrown  out  of  gear,  and  the  engine  hauls  in 
the  empty  train  with  the  tail-rope.  The  empty  train  now 
pulls  in  the  main  rope  to  do  the  work  of  hauling  out  the 
next  loaded  train,  just  as  the  loaded  train  pulled  out  the  tail- 
rope.  It  has  juBt  been  slated  that  the  drum  for  the  main 
rope  is  unc<mp!ed  from  the  engine,  and  the  tail-rope  drum 
is  coupled  to  the  engine  to  haul  in  the  empty  train.  This 
statement  suggests  some  mechanical  arrangement  for  con- 
necting and  disconnecting  the  hauUng-drums  with  the 
engines.  This  operation  is  technically  known  as  clutching  in 
and  out  of  gear.  For  instance,  to  haul  in,  the  tatt-rope 
drum  is  clutched  onto  the  engine,  and  the  main-rope  drum 
is  thrown  out  of  gear.  To  haul  the  ears  out,  the  drum  of 
the  main  rope  is  clutched  onto  the  engine,  and  the  tail-rope 
drum  is  thrown  out  of  gear.  It  might  he  thought  that 
clutching  Ane  drum  and  throwing  the  other  out  of  gear  is 
all  that  the  engineer  must  do.     Such,  however,  is  a  mistake. 
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or.  when  pAssing  over  certain  inequalities  in  the  road  in 
baulin);  in  ur  haultnii:  nut.  tlic  engineer  must  put  the  lirakc 

u  the  drum  that  in  out  uf  gear,  to  keep  the  rupc  reaMinalily 
itight,  and  prevent  the  poestbility  of  it  uncoiling  and  kinking, 

or  it  IB  destructive  to  a  rn])e  to  allow  it  to  uncoil  ilS4.*lf. 

2359.  -So  far,  then,  as  the  drums  are  concerned,  the 
matter  is  clear  enough,  but  the  cimpling-  of  the  engines  to 
the  drums  is  a  matter  that  rcquircH  more  than  piiasing  at< 
Icntiun.  There  arc  two  modes  of  gearing  up  the  engines 
(or  hauling.  In  some  cases,  the  hauling  is  done  vrilh  second- 
motion  engines;  tliat  ih,  the  drum  and  the  engines  are  im 
diflcrcnt  shafts,  In  Such  a  case,  the  engines  arc  said  to  be 
on  the  second  motion,  the  engine  and  the  drums  being  ge.'ired 
so  that  the  engine  makes  two  or  more  revolutions  to  one 

volution  of  the  drum.  This  permits  smaller  engines  to  be 
Bsed  ilian  when  the  engines  and  the  drums  .ire  on  the  same 
^ft.  in  which  case  the  engines  arc  on  ihc  first  nioiion.  If 
he  same  amount  of  work  is  to  bo  done  in  each  of  the  two 
Ca;>cs.  the  engines  on  second  motion  must  be  run  at  a  higher 
qM:cd  than  theengtneson  first  mottnn.  The  latter  arc  made 
irger  in  size,  and  consume  the  same  amount  of  steam  in  a 

ven  time  that  the  small  r-nginr»d'»  while  rnnning  at  a  higher 
^ed.  Now.  it  might l»cthought  thatlhcqucMionof  engines 
the  6r5t  and  iKcond  motions  is  not  of  much  importance; 
ml  surh  is  a  mistake,  for  in  large  and  extensive  niinc^  it  is 
mportant  that  the  hauling-cngines  be  put  on  the  li rat  motion, 
rbere  the  roads  will  permit,  as  ihcy  arc  require^  to  run 
icavy  tratnawith  de<ii>atch.  and  makeup,  for  the  extra  length 
if  road,  for  the  time  occupied  in  socketing  and  unsiKketing 
iie  tail-ropes  and  for  imprevcntable  delays  at  the  difTcrent 

ations. 

2300.     The  next  manor  that  must  be  cf>n«idercd  is  that 

tt  the  tail-ro|>es  for  the  iliflfcrcnt  disiriiis,  so  ihal  the  oicth- 

M>  of  socketing  and  unsocketing  them  with  the  general 

^ail-ropc  of  the  engine  m:iy  be  understood.     To  make  the 

,Mplanation  clt;ar.  Fig.  Sltt  is  introduced.      Here  the  general 

Baulageof  the  mine  isdividedintuiivegathcring-up  stations; 


&n 


MINE  HAULAGE. 


8S 


namely,  A,  !>,  C,  J),  and  H.  In  the  dia^am  a  loaded  train 
is  seen  to  be  Icavinjj  the  Katlieriiig-up  station  Ji  on  its  way 
tn  the  hniieting-shaft.  The  dnim  fur  tlie  main  rope  is  shown 
at  H,  and  the  ntain  rupe  is  seen  along  the  middle  of  the  road. 
From  the  tail-rope  drum  marked  /.  the  tail-rope  is  seen  to 
advance  along  the  lower  side  of  the  principal  haii  1.-1  gc -road, 
enter  the  entry  H  by  the  deflecting  sheaves  c.  and  then  pass 
up  along  the  right-hand  side  of  the  entry  to  the  return 
wheel  «',  around  which  it  passes,  and  returns  to  the  rear  of 
ihe  train  to  which  it  is  attached.  On  looking  at  district  A, 
it  istwcn  that  botb  sides  of  the  tatl-rope  from  the  return 
wheel  reach  to  the  cntrarice  of  the  station,  where  the  two 


Fto.  Btd. 

ends  arc  seen  lying  ready  for  attachment.  The  same  appear* 
in  districts  C  and  D.  On  looking  thmightfully  at  the<»e  tail- 
ropes,  a  moment's  rcllectitm  will  enable  the  student  to  un- 
derstand  that  if  the  trafn  is  lia.ul<-'d  enit  from  the  shaft  to/-', 
it  can  be  disconnected  from  the  W  tuil-ropc,  and  connected 
■with  the  Cone  by  the  M>ckct  at  the  off-take  stulion.  and  by 
this  means  hauled  into  station  C.  In  thi;*  way,  disconnec- 
tions and  connections  can  be  made  for  rnnning  into  any  of 
the  other  stations.  It  is  plain  that  In  haul  inln  any  district, 
a  change  niu.st  be  made  iu  the  tail-rope  sockets  at  the  en- 
trance to  it. 
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234)t.  There  arc  two  methods  in  practiVe  fnr  socketing 
uid  uti^Kketing  the  Uil-r<>pcs.  In  the  firat  atiU oldest  one,  the 
connections  are  made  vhen  ihc  train  arrives  at  the  entrance 
I'lthcdistrift  inin  which  it  istntuntlcd  to  go.  In  thf  s<?c<md 
niPtbtMl,  all  Uie  Uislrifi  cunncH!tioits  are  broken  continuously 
up  to  the  entrance  of  the  district  for  which  the  triiin  is  des- 
tined. For  cianiplc,  suppose  the  I;iM  train  arrived  oul  of  dis- 
trict ^.  The  roujtlcr  for  ntulion  .(  uncnuples  liis  ilistrict 
tail-rupe  and  couples  up  the  general  tail-rope  to  run  |>afit  his 
station;  th«  oihor  couplers  do  tlie  same,  except  the  one  who 
has  si^aled  for  the  next  train.  He  unooupIcK  tlic  general 
tail-rope,  couples  up  llic  tail-rope  o(  hi*  district,  and  then  ^g- 
nals  for  the  cnKtneer  to  "run  in,*'  and  the  iruin  runs  con- 
tinuously frora  the  tihaft  into  the  miuircd  siiitioii  without  a 
stop.  This  system  of  socketing  is  decidedly  the  best,  because 
it  prevents  all  unnecessary  delay,  and  never  produces  a  hitch 
wht:n  an  efficient  cmie  of  signuU  is  adopted.  Again,  the 
syHtem  secures  great  economy  in  steam,  for  the  engine  is 
I  kept  running  almost  continuously. 

I  2362.  Fijcs.  847,  848,  and  840  show  different  methods  of 
pocketing.  In  ca^cs  tike  these,  a  main  or  general  tail  ropv  is 
mcd  for  all  the  entries.     The  conncctiuns,  in  the  ca&e  of 
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Fig.  847,  are  made  when  the  empty  cars  come  in  to  A. 
The  rider  uns*>ckct5  the  lead  ro]>c  at  ^,  and  sockets  on  the 
wtry-rope  at  ^'.  At  the  same  lime  he  breaks  the  connection 
II  d.  and  couples  on  the  rope  rt'.  Ho  then  signals  t"  the 
pigineer  t*>  haul  into  the  required   gathcring-up  station. 
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The  pulling  ouL  of  the  loaded  cars  is  ilunc  by  simply  revers- 
ing llic  operation. 

2363.  In  Fig.  tHii  aaocher  method  of  socketintr  is 
adopted;  but  this  can  onl/  he  put  in  practice  in  ctceptional 
cases.  The  intention  of  this  .Trrangement  is  ti>  reiiiice  the 
number  of  socketK.  The  coupling  of  the  parting  tail-rope 
to  the  main  rope  is  made  at  c.  The  main  rope  is  also  un- 
coupled at  a,  and  the  rope  ft  is  coupled  onto  the  train. 
Then  the  train  can  be  hauled  into  the  gathcring-up  station 
in  the  parting.  Fig.  840  illnstratc-s  the  branch  cnnncclioiis 
for  coupling-up,  so  as  to  run  right  through  from  the  shaft 
into  the  station.  The  operation  of  uncoupling  and  coupling 
is  done  at  one  place.  The  ropes  ti  and  6  arc  uncoupled  fmm 
the  train  coming  in  the  main  road,  and  ropes  a'  and  (^  are 
cauplcti  on.  That  portion  of  the  main-roadway  rope  lying 
between  the  coupling-point  and  the  shc&vcs  lies  idle  in  and 
along.<ide  the  road.  

CAI,C(JI.ATI«>MH  rOtt   TAI1.'MIII>K  MAI  LACK. 

2304.  The  c;ilculalions  for  tin:  trnsinn  in  thcruiH;  and 
the  horsepowers  reipiircd  for  main  and  tail  rope  haulage  re- 
quire modifications  that  are  not  applied  in  other  systems  hi 
haulage.  For  example,  instead  of  gravity  increasing  the 
tension  in  all  cases,  it  somoiimcs decreases  it,  and,  therefore, 
becomc.1  a  negative  t|uantiiy.  To  make  all  these  differences 
clear,  however,  the  conditions  occurring  will  be  rxjilained 
in  every  case.  The  meaning  and  use  of  the  letters  in  the 
expressions  are  as  follows: 

If  =thc  total  weight  of  the  loaded  train; 
(*'■,  =thc  total  weight  of  the  empty  train; 
IK  =  the  weight  of  the  rope; 
C  =-^  =s  the  cueflicient  of  friction; 
a  =  the  grade  per  cent. ; 
T  =  tlie  tension  in  the  mnin  rope  in  pounds; 
7",  =  the  tension  in.  the  tail-rope  in  pounds. 

236ff.     The  weights  per  linear  foot  of  the  main  and 
ropes  ari.- sometimes  differeni;  stimetimLS  the  main  rope  13 
the  heavier,  and  at  other  times  the  taiUrope  is  the  heavier. 
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In  atl  cnseK,  hnwevcr,  the  tliilerencc  is  !imall,  :ind  for  that 
reaiwin  the  weight  will  h<i  taken  as  (he  sunie  in  thcfullowtng 
examples,  unless  othL-ni-ise  stated.  Ajjaiii,  when  uii  einjity 
train  leaves  the  hutstiiig -shaft,  the  weight  of  the  muvint;  tail- 
rope  is  equal  to  twice  that  due  to  the  distance  Enimlhc  shaft 
to  the  (jatherinji-np  station,  and  wh<*n  the  train  reaehes  the 
gathertng-u(>  station,  the  weight  of  the  rope  movin;;  is  still 
equal  la  tvice  the  length  of  the  journey,  because  tlien  une 
length  of  the  main  rope  lies  in  the  middle  of  the  track,  and 
an  equal  length  of  the  tail-rnpc  lies  on  the  side  of  the  track. 
Thcrefi>rc,  the  weight  of  rnpc  in  motion  is  never  more  or 
never  less  than  that  due  to  twice  the  length  of  the  track 
from  the  shaft  to  the  terminus  to  which  the  train  must  bo 
hauled.  For  this  reason,  the  weight  of  rope  due  to  twice 
the  length  of  the  track  will  be  taken  in  each  ease.  d 

2306*  The  tensions  in  the  main  and  t:iil  ropes  are  calcu- 
lated on  the  longest  runs  and  on  the  maximum  upgrades  of 
the  roads.  In  cases  where  the  haul  to  the  shaft  is  down 
grade,  aod,  conversely,  the  haul  ;o  ihe  gathering-iip  station 
is  up  grade,  the  greatest  tension  fills  on  the  tail-rope.  ' 

When  the  ropes  weigh  the  same  per  linear  foot,  the  ten- 
sion in  the  main  rope  may  Iw  found  by  formula  20I .  The 
tension  in  the  tail-rope  isfinind  by  the  same  formula,  except 
that  the  weight  of  the  empty  train  is  to  be  used.  That  is, 
using  the  notation  of  Art.  23&4,  I 

•  40       ^         • 

KXAHPLB.  — The  gre;tl»t  iMigllmf  main  iiritl  tail  rnpo  hniilaf{cinK 
vcrUin  tti'ttw  »»  fl.BM  feci,  anil  the  trac^kit  are  [wrltctly  level.  The 
weight  per  (mtt  n(  the  irttin  rope  1» .  T  pouml.  the  weight  per  foot  (if 
the  uil-rope  U  .1  pound,  the  full  cars  wuiRh  5.000  pnuntU,  the  empty 
cars  wdgh  I.SIJO  pounds,  aod  the  trains  cuiisiBtol  2D  earn.  Wliat  iiro  the 
tmsions  in  the  injin  and  tail  rupKK?  IT  thr  xver.ige  speod  of  the  trains 
is  10  mil«i  an  hour,  what  is  the  h(>ra«[K>wcr  ot  th«  haultng^cnginc,  due 
to  the  ouxlfnuiu  tension  of  the  ropts? 

SoLtmos.— The  weight  of  the  train  of  tnaded  cars  is  20  x  fi.**™!  = 
100,000  lb.  The  CDtnbiiwl  weight  of  the  two  ropes  is  (-7  4-.«)X 
0,600  =  8.4^  Itx     The  tension  in  tlic  main  ri>pc  i* 
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The  vcight  of  the  train  of    empty  care  is  equal  to  1,800  X  ^ 
30.000  Itx     The  joint  weight  of  thv  rupo  in  (.6-h  .7)  x  O.Wi  =  8.4S0  lb., 
as  hcforc. 


1 


Then, 


(  «',  -f-  H')      3«,0W)  +  8.480 


'^-         4U 


iU 


=  l.in.SSIb.. 


the  tension  in  the  tail-rope    Ans. 

AcctirJing  to  the  conditions  o(  tlie  exnmple.  Uie  liorsepower  must 
becalcubtt^d  from  the  maximum  tension.     The  6p«cd  of  th^  train  it 


10  miles  an  hour,  or 
tonnuU  20Z, 


r.,3rtftx  10 

tM 


=  860  feet  per  minule.    Then,  applying 


^=.v. 


rv        8.111.38X880 


=  TC.»I!,  P.    Ans. 


s)s.oou  iia.WM} 

23ft7.  It  sometimes  occurs  ihat  a  portion  of  a  haul- 
age-road is  up  grade,  and  there  the  maximum  strain  on  the 
rope  takes  place. 

EXAUPLK. — (Jn  B  Bhort  portion  of  &  main  and  tail  rop«  hatilag<r  the 
mitin  rciiM:  inu.it  haul  a  iruin  of  fHi  loaded  aint  ti])  a  ^n'^ul*:  "f  4  per  tc-m. 
What  K  tht;  maximum  tension  in  the  main  rupe  vhcn  a  full  t-ar  weighs 
S.WHI  [KjunJ*.  tlic  main  rope  wciglis  12  pounds  |«;r  foot,  the  tiiil-roijc 
weighs  .f(8  pound  per  foot,  and  the  leiiath  uf  the  track  ii*  B.IKK)  feci  ? 

SoLUTioK.— The  wclghl  fV  of  ilic  train  i»  5.0i»  X  80  =  ISO.OOO  lb.. 
and  tlie  tvcti^hl  w  on  (he  ropeu  is  (I.S  -i-  .88]  S.OOO  =  1 1,044  ih.  Tti«n. 
applying  furmula  SOS, 

the  maximum  tension  in  the  rope  und,«r  the  (prcn  vonclitions.     Ans.    ■ 

23tt8.  When  a  haulage-road  only  runs  up  grade  for  a 
short  distance,  it  is  the  practice  to  accelerate  the  spccti  of 
the  train  a  little  before  reaching  the  rising  ground,  and  then 
by  its  inertia  the  train  h  rarried  over  with  no  other  loss 
than  that  of  a  reduced  velocity,  which  it  Boon  recovers. 
The  horsepower  is,  however,  increaseU  for  this  short  length 
of  up-grade  work  in  the  following  proportion: 
Let/  =  the  full  length  uf  the  road; 

/,  =  the  short  length  of  ilie  up-grade  road; 
P=  the  horsepower  required  for  level  track; 
/*=  the  incrcasetl  horsepower. 


Then.  P,  =  ''^'f^'\ 


<203.) 
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The  increased  tension  in  the  rope  due  to  the  local 
up-grade  inclination  of  the  road  will  very  seldom  equal 
the  tension  due  to  friction  alone;  therefore,  the  expression 
piven  in  formula  203  is  sufficient ;  but  where  the  inclination 
is  so  great  as  to  require  a  higher  tension  than  that  due  to 
friction,  then  the  increase  of  power  is  found  by  a  special 
calculation. 

Example. — A  main  and  tail  rope  haulage-road  is  for  five-sixths  of 
its  length  level,  but  in  hauling  out  to  the  shaft,  I  of  the  length  of  the 
road  is  up  grade.  If  the  road  was  all  level,  the  haulage  could  be  done 
ifith  an  80-horsepower  engine.  What  should  be  the  power  of  the 
engine  according  to  formula  203  ? 

SoLUTtoK. — Substituting  in  formula  203,  we  have 

^_^^+A)^eOX^  =  fl8iH.P.     Ans. 

In  this  connection,  it  must  be  understood  that  the  up 
grade  encountered  is  but  slight,  and  that  the  speed  of  the 
train  on  the  level  is  accelerated  so  as  to  carry  the  train  along 
by  inertia.  In  any  case,  the  formula  gives  only  approxi- 
mate results. 

2369>  ExAiiPLR. — In  a  main  and  tail  rope  haulage  in  a  certain 
mine  all  the  roads  leading  to  the  shaft  have  a  mean  fall  of  3  per  cent., 
the  greatest  length  of  run  is  equal  to  4,863  feet,  and  the  mean  velocity 
is  12  miles  an  hour.  The  hauling-ropes  weigh  .88  pound  per  foot, 
the  trains  consist  of  25  cars,  each  loaded  car  weighs  5,000  pounds,  and 
an  empty  car  weighs  1,900  pounds.  What  is  the  tension  in  the  main 
and  tail  ropes,  respectively,  and  what  is  the  required  horsepower 
of  the  hauling-engine  ? 

Solution. — To  find  the  tension  in  the  main  rope,  the  gravity  force 
due  to  the  pitch  of  the  incline  must  be  treated  negatively,  because  it 
reduces  the  tension  in  the  rope;  then,  formula  201  becomes 

Since  ;K=  5,000  X  25=  125,0001b..  a-  =  4,862  X  2  x.flS  =  8,557.13  lb., 
d=  ]{g  =  .03,  we  have 

7-=  »^  -  ,^^  025,000^^57,12)  ^         ^  ^ 

40  4(1 

—  411.072  lb.,  the  negative  tension  in  the  main  ri>pe.     Ans. 

This  means  that  not  only  is  there  ni)  tensiim  in  the  main  rope,  but 
an  excess  of  gravity  force  equal  to  411,073  lb.,  which  will,  without  the 
engine,  run  the  train  at  a  high  velocity. 
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The  gravity  force  in  th«  ca«  of  hauDoK  (he  train  of  empty  cars  !■ 
positive,  because  they  are  made  to  ascend  the  inctin*;  hence,  wccan 
apply  furniuln  201  directly  lo  And  the  tension  in  ttie  tall-rope. 

m  =  1.000  X  Sn  =  47.500  lb. ;  ic-  =  4.W3  X  2  X  .ISS  =  8.557.  W  lb.,  and 
«  =  ^  =  .03.     ThcrefiJTB. 


x,rir>7.ia) 


40 


+ .  W  X  J'-MW  =  U.8Se.4i»  lb  . 


the  letiMiDti  ill  the  Liil-rtijw.     An». 

No  horsepiiwcr  U  exerted  through  the  medium  of  ihr  main  mpe, 
becuune  thu  tension  iil  ncEatlvi: ;  Itut  by  tLiini;  formula  202|  the  horse- 
power cxcried  through  the  tatt-rupt  c3n  be  fuund.     As  tho  vvlocity 

b  equal  tu  ^-^  -^ — —  =  l.OM  feet  par  minute,  we  hava 


/f= 


00 


8.8g8.4ai-IXl.«M 

s«;o«o 


=  1M.44  H.  I>.     Ana. 


2370.  Let  us  observe  Ibe  importance  of  calculating  the 
ten&ionR  in  the  nuiin  and  L^il  ropes.  It  is  widen!  thul  if  the 
main  roix:  is  a  very  jiglu  one,  not  only  will  the  eupine  Ik 
bctltfr  balanced,  hut  grttat.  economy  will  accnit-  from  thcu« 
of  a  less  costly  rope.  In  a  case  like  t  his,  liowcver,  it  is  better 
to  redure  to  a  minimum  the  size  of  the  main  rape,  .tnd  to 
increase  the  sintr  and  weight  of  the  tail-rope  l«  equalize  the 
work  of  the  euKiiie.  This  conclusion  will  be  clearly  evident 
in  the  next  example. 

Where  the  hnulagcrnads  have  a  fa,ll  towards  the  bottom 
of  the  shnft,  it  is  cv^lvnt  that  Lht;  full  t'ars  will  fiirni:«h  a 
gravity  force  that  is  ncfgativc  to  the  general  resistance,  and 
that  the  difference  between  the  weight  of  the  ascending 
heavy  tail-rope  and  the  descending  light  main  rope  will 
furnish  a  Kfuvity  fwrce  that  is  positive  to  the  g'cncrai  re- 
sistance. 

Under  the.te  conditions,  the  tension  in  the  main  rope 
becomes 


T  = 


10 


-a{iV~tvX 


(204.) 


4 


where  w,  =  the  difference  in  ihe  weights  of  the  ropes,  and 
the  other  letters  represent  the  same  values  as  given  to  Lhero_ 
in  Art.  2364. 
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To  find  the  tension  in  the  tail-rope,  the  same  formula  is 
used,  except  that  the  second  term  must  be  added.     That  is, 

Example. — If  in  the  example  of  Art.  2360,  the  main  rope  and 
tail-rope  weigh  .6  pound  and  8.65  pounds  per  foot,  respectively,  what 
will  l>e  the  tension  in  each  rope,  and  what  will  be  the  required  horse- 
power of  the  haulage-engine  ? 

SoLL'TioN. — Using  formula  204,  we  have 

[125,000  -  4.863  (3.65  -  .6)]  =  336.46  lb.  = 
the  tension  in  the  main  rope.     Ans. 

Tu  find  the  tension  in  the  tail-rope  use  formula  20S.  In  this  case, 
W,  ^  1.900  X  25  =  47.500;   hence. 

T,  =  *^-'^+^*^-^  ^  03  (47,600  -  14,839.1)  =  3,684.2  lb.     Ans. 

Using  formula  202,  we  have 

Tv    _  336.46  X  I.Q56  ,,„„„  „ 
~  33.000  ~         33.000  ~  ' 

the  horsepower  required  for  the  haul  out  with  the  main  rope,     Ans. 
,      .  ,r         Tv         2,684.3x1,056       or «  tt  n 

A«^'"'  ^^=  iiPoO  =  —337000-^=  ^'^■^  "■  ^■' 

the  required  horsepower  for  the  tail-rope  haulage.     Ans. 

2371.  From  the  example  just  worked  out,  some  inter- 
esting lessons  arc  learned.  The  first  is,  that  the  tension  in 
the  ropes  under  the  greatest  stress  does  not  much  exceed 
one  long  ton;  further,  the  weight  of  a  rope  and  the  weight 
of  a  train  may  become  negative  to  the  resistance  of  friction. 
Again,  the  energy  that  is  lost,  when  a  portion  of  the  gravity 
force  due  to  the  inclination  of  the  road  is  wasted  by  using  a 
brake,  may  be  utilized  by  adjusting  the  weights  of  the  ropes 
ti>  retain  it. 

In  the  example  of  Art.  2369,  the  horsepower  was  found 
to  be  90.44,  and  in  the  example  in  Art.  2370  it  is  85.9. 
Therefore,  90.44  —  85,9  =  4.54  horsepower  is  saved  by  in- 
creasing the  weight  of  the  tail-rope.  More  than  this  could 
be  saved  by  further  reducing  the  weight  of  the  main  rope, 
and  further  increasing  ihc  weight  of  the  tail-rope,  where,  as 
in  this  case,  there  is  a  down  grade  to  the  shaft. 


04 


MINE  HAULAfiB. 


2372.  In  main  and  tail  ro^ic  haulage  it  is  importanf 

that  the  maximum  vclocilyof  the  trains  should  nevcrcxcccJ 
12  miles  an  hour,  for  thrci:  very  important  reasons:  (I)  ihe 
tracks  arc  costly  to  keep  in  repairs  when  the  velocities  ex- 
ceed the  limit  just  given;  ('.!)  high  s|>L-(*ds  are  destructive  to 
the  cars,  and,  therefore;,  increase  the  haulage  cost  par  ton; 
(3)  derailing  is  xnnre  frequent  at  high  sjjecds  ihan  low  ones. 
As  the  rna-tiinmn  speed  must  be  kept  within  a  safe  working 
limit,  the  numher  of  cars  in  a  train  is  determined  by  five 
important  factors,  all  of  which  are  variahle,  or  diflerent  in 
different  mines.  Before  estimating  the  number  of  cars  that 
should  be  attaehcd  in  a  train,  the  values  of  the  factors  just 
referred  to  must  he  known.     They  are: 

1,  The  output  of  the  mine  in  tons  of  coal  per  day. 
a.  The  mean  kngtlis  of  the  roads. 

3.  The  weight  of  coal  a  car  will  carry, 

4.  The  number  of  trains  that  can  be  run  out  of  the 
diffi;rent  districts. 

6.  The  number  of  tons  of  coal  each  haulage  district  can 
produce, 

2373.  The  values  of  the  factors  are  found  as  follows:  ^M 
The  prospective  output  of  the  mine  is  found  by  estimating, 

on  the  basis  of  present  practice,  how  much  more  is  possible. 

The  lengths  of  the  roads  are  calculated  prospectively  from 
the  attainable  lengths  measured  on  the  map  of  the  available 
field. 

The  cars  arc  made  to  carry  such  weights  as  the  dimen- 
sions of  the  hoisting-fihafts  and  the  heights  of  the  haulage- 
roads  will  allow. 

The  number  of  trains  is  found  as  follows: 

(ff)  Find  the  mean  yf  all  the  lengths  of  the  districts,  each 
being  measured  from  the  shaft  to  the  makingup  stations. 

(i^)  Multiply  the  mean  length  of  the  districts  by  3,  for  the 
following  reasons;  A  journey  of  full  cars  out  and  empty 
cars  in  is  equal  to  double  the  length  of  a  district  road,  and 
to  compensate  for  impreventable  and  unforeseen  delays, 
another  addition  must  he  made  to  the  length  of  the  track, 
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and,  therefore,  the  mean  length  of  the  district  roads  must  be 
oinltiplied  by  3. 

{c)  Find  the  number  of  feet  a  point  in  the  rope  will  pass 
through  in  one  working  day.  Suppose,  for  example,  the  mean 
speed  of  the  rope  is  12  miles  an  hour,  and  that  the  time  of  one 
day  is  lOhours;  then,  6,280  X  12  X  10  ==  633.600feet,  thedis- 
tance  a  point  in  the  rope  will  move  through  in  10  hours, 

(i/)  Divide  the  distance  a  point  in  the  rope  would  move 
through  if  kept  continually  in  motion  by  3  times  the  mean 
length  of  the  district  roads,  and  the  quotient  will  be  the 
number  of  trains  that  can  be  hauled  out  per  day. 

Example. — How  many  trains  can  be  run  out  by  a  main  and  tail 
rope  haulage  in  one  day  of  10  houm.  the  speed  of  the  rope  being 
13  miles  an  hour,  and  the  lengths  of  five  districts  being  aa  follows: 

A  =  5.012  feet ; 
5  =  4.854  feet; 
C  =  3,278  feet! 
/>=  7,101  feet; 
£'=2,7ft4feet. 
Solution.—  6.012  +  4,054  +  8,278  +  7,101  +  2,7fl4  =  22.889. 
23,839  +  5  =  4,567.8,  the  mean  length. 

5  280  ^  13  V  10 
Then,  ■ '     f^^-  w  ;.  d —  —  46,33,  or,  practically,  47  trains  per  day.     Ana* 

To  find  the  number  of  cars  in  a  train,  divide  the  output  in 

tons  per  day  by  the  number  of  trains,  multiplied  by  the  tons  of 

coal  a  car  will  carry  ;  the  quotient  will  be  the  ntimber  of  cars 

in  a  train. 

Example. — The  output  of  a  mine  is  2,000  tons  of  coal  per  day;  the 
number  of  trains  to  haul  out  this  quantity  is  47.  If  one  car  carries 
2  tons,  how  many  cars  must  there  be  in  a  train  to  do  the  work  ? 

2  000 
SoLVTioN. —      -^ — =  =  21.370,  or,  as  there  can  not  be  a  fraction,  the 

number  is  23  cars  in  a  train;  or,  combining  the  examples, 

2.000      .-i.iJSOx  12X10      „,„„„„ 

"%~  "^      4  5g7  8x"8""  ^  '  ""'      '  "*^^'''>''  ^^  Ijefore.     Ans. 

Example. — The  following  particulars  are  required  for  the  con- 
■truction  of  a  haulage  plant  on  the  principles  of  main  and  tail  rojw. 

(a)    The  number  of  trains  that  can  be  run  out  per  day, 

(5)    The  number  of  cars  in  a  train. 

(£)    The  horsepower  of  the  haulage-engine. 
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The  calculations  must  be  based  on  the  following  particulars: 
1.     Six  district  haulage-roads,  A,  Ji,  C,  I),  K,  and  /■;  the  lengths  of 
irtiich  are  tu  be  as  follows; 

A  =8,784  feet  long; 
i'  =  4,3.10  feet  long; 
C  =  8,276  feet  long; 
/J  =  3,560  feet  long; 
£■==.■>, 720  feet  long; 
i^=:  7,963  feet  long. 

9l   The  mean  up  grade  to  ihe  shaft  is  2  per  cent, 

8.   The  output  is  3,000  long  tons  of  coal  in  10  hours. 

4.  The  cars  each  carry  2i  tons. 

6.  The  speed  of  the  train  is  10  miles  an  hour. 

6.  An  empty  car  weighs  1,900  pounds. 

7.  The  weight  of  one  foot  of  the  rope  is  1.66  pounds, 

SoLCTioN. — (rt)  The  distance  a  point  in  the  main  haulage-rope  will 
run  in  10  hours  is  5.280  X  10  X  10  =  528.000  ft. 

To  find  the  number  of  trains  that  can  be  run  out  in  a  day,  this  last 
product  is  divided  by  three  times  the  mean  length  of  the  haulage-roads. 
The  mean  length  is 

(6,784  +  4,250  +  8,370  -i-  3,580  +  5.720  +  7,903)  -i-  6  =  6,0921  't- 

Hence,  the  number  of  trains  is 

6  oS'rYS  =  ^■"®*  *"■■  P'"^t''^^"y'  ^  trains.    Ana. 

{b)  To  find  the  number  of  cars  in  a  train,  the  output  is  divided  by 
tlie  number  of  trains  multiplied  by  the  number  of  tons  a  car  will 
carry. 

q  000 
Thus,  .yp     ,j  ,;  =  41.4  cars,  or,  practically,  43  in  a  train.     Ana. 

(r)  Remeniberinji  that  the  output  is  in  king  tons,  the  weight  of  a 
loaded  car  will  be  (2,340  X  2,".)  -'-  l.lMHi  ==  7,5(Mt  lb.     Therefore. 

H'  =  7,500  X  43  =.  ;M5,IMmi]).,  ;ind  w  i=  ]..'>fi  X  0,092.16  X  2  =  19,007.541b. 
Substituting  these  valiics  in  formula  201,  «'i;  have 

7-=  fn:±ill  ^  .,  „-,  or  ^^^  f-'^^H!^  +  .02  X  315,000  = 

4"  -ill 

5  "^SO  y  10 
14.650.19  lb. ;  the  vehwily  of  the  trains  is  equal  to  -'  ■  =880 

feet  per  minute 
Substituting  in  formula  202,  we  havo 

„        r-;'         11.(150.19  x8«0      „„,,  _  ,,   ,,       , 
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TAII.-HOPR  COUPUXOR. 

237-4.  Fig.  rtiVJ  shows  a  tail-rujjc  coupling 
for  connecting  the  different  sections  o£  the 
rope  to  run  tlie  train  into  a  given  district. 
There  arc  many  different  coupling-links  in  use, 
and  they  all  aim  at  fieciirinR  three  thing-s: 

First,  to  make  a  «cure  and  reliablir  ronncc- 
tion. 

Second,  to  provide  a  coupHn^-link  that  will 
knock  as  little  as  possible  on  the  rollers,  and 
not  injure  the  coils  of  the  rope  on  the  hatil- 
ing-Jrum. 

Third,  to  furnish  a  coupling  in  whirh  the 
connection  can  be  made  and  unmade  in  as  short 
a  period  of  time  as  possible. 

The  coupling  shown  in  Fig.  B5*>  is  one  of  the 
stnipk-;:t  and  oldest  in  tiso,  and  it  is  here  given 
to  exjilain  the  general  jjrinciple  involved,  but 
i  not  as  a  model  of  a  good  socket.  Sockets  and 
i  couplingii  n)u:it  be  seen  in  u»e  to  be  understood 
in  tbcir  mode  of  action,  but  the  following 
figures  furnish  a  general  idea  for  a  student  tn 
pursuit  of  a  knowledge  of  the  important  de- 
tails. This  form  of  coupling  is  even  yet  ex- 
tensively used ;  it  consists  of  two  goo«e-necIc 
faslcnings  A/  and  J/  made  in  the  form  of  a 
pair  of  trough -shaped  tnngs,  riveted  by  three  or 
four  rivets  to  the  end  of  the  ropes,  and  con* 
nected  by  the  links  JV,  iV,  and  O,  as  shown. 
The  wires  at  the  end  of  the  ropes  should  be 
cither  welded  or  soldered  for  ati  inch  or  bo  to 
prevent  untwisting,  or  otherwise  the  rope  will 
draw  out. 


237A.  The  hauling-ropes  for  engine  and 
gravity  planes  and  for  the  main  and  tail  rope 
planes  havt^  securely  fastened  on  their  ends, 
caps  or  sockets  for  coupling  Ihem  up  with  the 
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trains,  Fig.  851  is  an  illustration  of  ihc  simplest  coupHng 
of  this  character.  It  consists  of  what  ia  (.'.tiled  the  koomt- 
nc'-'k  socket  ;1/  and  a  clevis,  or  hook,  P.  conntcted  with  a  cap. 
or  socket,  of  llie  rope  by  mennR  of  the  link  Q.  This  clevis, 
or  shackle,  is  attached  to  the  coupling-bar  of  the  car  Ity 
means  of  the  pin  K.  An  arrangement  of  this  cliaracter, 
however,  is  attended  with  «:riousdif)iuultics  in  practice,  for, 


in  the  event  of  the  cars  being  suddenly  stopped,  the  rope 
coils  under  the  point  of  attachment  and  kinks  and  becomes 
permanently  injured.  To  remove  the  possibility  of  surh  an 
occurrence,  a  length  of  1.5  or  20  feet  of  rhain  is  connected 
with  the  clevisand  the  socket  jI'/',  and  .i swivel  A' (sec  Fig.  85S) 
Is  provlilcd  to  let  out  any  excessive  twist  that  may  exist  in 
the  rope.  It  will  be  seen  that  the  socket  attached  to  chain  i 
in  Fig.  85''!  iliffcrs  in  character  from  that  attached  to  the 
chain  a.  The  socket  on  the  chain  f>  is  the  one  preferred  in 
general  practice,  and,  therefore,  the  mode  of  securing  the 


rope  to  this  socket  is  illustrated  by  Fig.  85-3.  The  shell  of 
this  socket  is  something  like  a  huUuw  eonjcal  tube,  and  for 
making  the  connection  the  mode  of  proceeding  is  a)i  follows: 
TUc  end  of  the  rope  is  pushed  tlumtgli  the  shell  of  the 
socket,  and  then  partly  uncoiled,  when  one  of  three  things 
is  done.  Firsvt,  tawrcd  wedges  are  driven  in  between  the 
strands  and  the  core,  as  shown  in  Fig.  853  {a);  or  the  core 
in  taken  out,  and  a,  tapered  plug  is  driven  iu  the  center  of 
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Ihe  Mrands,  as  shown  iii  Fig.  S^'-i  (#);  or  the  strands  are 
partly  uncoiled,  as  shuwii  in  Fig.  85^  (*•),  and  drawn  into 
Uie  shell  lightly,  when  molten  lead  or  babbitt   metal  is 


I 


Pto.sca. 
poured  in.  and  this  GUs  up  the  interstices  and  inatces  a  plug 
so  s«?Iid  and  Jirm  thai  it  can  not  be  drawn  through  the  shell. 
The  result  is  tliat  the  conncctitjii  is  made  m  strong  as  the 
rope- 

KNOCK-OPr  I.INICA  OM   l>r.TACHING-HOOK». 

2376>  It  is  sonictiiiies  nccessarj-  to  dctutU  t.h«  rope 
from  the  cars  when  they  arc  in  motion  and  when  the  rope 
i*  tight,  To  do  this,  special  knock-off  devices  are  applied. 
Fig.  854  is  an  illustration  of  a  knock-off  device,  in  which  a 


fC 
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Kola  vf  in  set  in  the  bill  of  the  honk ;  this  keeps  the  link  G  in 

^B^tion.     The  moment,  however,  the  pin  A  is  withdrawn, 

B  \a  forced  back  into  the  hinge  of  the  hook  at  the  right  side 

of  the  figure,  and  now  the  hill  C  turns  on  the  hinge  under- 

qeatb  the  connectta^'-litik,  and  slips  the  rope. 
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In  Fig.  855  is  shown  a  knock-off  link  that  can, be  operated 
by  hand.     When  a  detachincnL  is  necessary,  the  lever  A  IS 


Ffj  ws. 

pulled  upwards,  and  then  tlie  clevis,  or  hook,  takes  the  posi- 
tion shnwn  liy  the  dotted  lines,  and  the  nipc  slips  <iff. 

Fig.  iinii  is  an  illus- 
tration of  a  hand-dc- 
laching  arrangement 
very  similar  in  char- 
acter to  the  previous 
one.  ^_ 

Vig.  657  is  an  illuaf 
t ration     of    an     auto- 
matic     detaching     or 
disenfrapfing  hook. 
^'^-  ^'*'  In    this  case,    instead 

of  the  lever  being  operated  hy  hand,  one  arm  of  a  bell-crank 
lever  is  made  to  detach  the  rope  by  striking  a  beam  B,  as 
seen  in  the  upper  portion  of  the  fn)nt  end  nf  the  car.  The 
knock-off  girder  If  is  set  across  the  track,  and  so  fixed  thai  a 
train  passing  under  it  caiisrsa  bell-crank.-!  to  strike  against 
/i,  when  the  lever  f  disconnects  the  clevis  and  sets  the  rope 
and  its  coupling  free. 

Fig.  8S8  is  another  illustration  of  an  automatic  detachment, 
but,  unlike  the  others,  il  d«ics  not  break  the  connection  until 
the  engine  stops.  The  moment  the  car  attempts  lo  overrun 
the  chain,  the  clevis  detaches  the  rope,  or  rather  the  link  G 


dides  off  ihe  hook  at  /T,  and  tbe  r<>pe  lalls  tu  Uic  {.'ruand, 
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and  leaves  the   train   free   to  run   farther  on  by  its  own 
momentum. 

2377.  The  engines  and  drums  fnr  main  and  tail  rope 
baalage  arc  not  always  situated  in  the  mines,  for  tliL-rc  the 
steam  is  cither  produced  Ly  boilers  silualed  in  the  mines— 
which,  to  say  the  least,  is  a  dangerous  pracliec — ur  the  steam 
t»  conducted  in  pipes  fr^m  llic- surface.  However  well  Uic 
pipes  arc  protected,  there  is  a  great  I'iss  of  energy  due  to  the 
radiation  of  heat  from  the  »;te;iiii,  and,  tUcrcfore,  it  is  better, 
if  possible,  to  locate  the  hau ling-engines  ut  the  surface,  and 
conduct  the  bauling-ropes  down  the  sbafi  or  slopes  into  ihc 
mine.  I  n  some  cases,  the  ropes  are  comUicted  through  bore- 
holes; where  this  is  done,  great  ad  vantages  are  often  serurcd, 
for  sometimes  by  this  method  a  large  amount  of  lorn!  haul- 
age can  be  effected  that  woiild  otherwise  have  to  he  done 
by  raules.  At  other  times,  it  secures  the  advantage  of  a 
very  much  shorter  rope.  It  might  he  thought  that,  by 
locating  the  engines  at  the  surfiicc  and  conducting  the  ropes 
ihtoujfh  shaft»  or  bore-holes,  a  ditficulty  would  arise  with 
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the  signals  between  llic  gatbcring-up  stations  and  t)ic  engt-- 
necr,  and  between  tJic  gathcring-iip  stations  and  the  **  make 
and  brciik  "  boys  at  the  entrances  to  tlie  district  roadai 
Experience,  however,  has  disapproved  the  conclusion, 
much  that  the  signals  arc  found  to  be  as  perfectly  given  an^ 
as  perfectly  received  as  ihey  would  be  if  given  from  the 
gatiic-ring-up  stations  to  the  engineer  in  the  mine.  The  neces- 
sity of  accuracy  in  ^ignalinj;  canbcrcudily  apprcLiutcd  when 


^ 


- "  '"'- 

.^ 

""  — 

I 

Pig.  sea 


the  student  remembers  that  many  of  the  roads  are  undula- 
ting, and  rctjuirc,  on  the  part  of  the  engineer,  great  care  to 
prevent  the  trains  overrunning  ihe  niiiin  rope  on  the  one 
hand  and  Ihc  tail-rope  on  tht:  other,  wliiiii  the  trains  *trc  run- 
ning down  grade.  With  a  proper  codeof  signals,  and  with  the 
engineer  duly  informed  of  the  charairterislic  dftwn  g^radcs  of 
the  several  districts,  the  trains  are  kept  well  under  control. 
In  8ume  cases,  double  trucks  have  been  tried  for  main  and 
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tail  rope  haulage ;  but,  so  far,  such  a  mode  of  proceeding  has 
been  found  to  be  neither  prudent  nor  economical,  as  wide 
roads  must  be  expensively  secured,  and  in  many  cases  middle- 
timbered.  This  is  expensive  enough,  but  it  is  only  a  frac- 
tion of  a  greater  expense  that  is  sure  to  arise  in  cases  where 
a  train  running  at  a  velocity  of  10  or  12  miles  an  hour  be- 
comes derailed,  and  runs  into  the  timber  and  draws  it  out. 
Then,  if  the  roof  is  at  all  tender,  it  caves  in,  and,  before  the 
falling  stone  can  be  removed  and  the  roof  can  be  resecured, 
a  great  loss  arises  from  the  stoppage  of  the  work,  in  ad- 
dition to  the  great  expense  of  retimbering.  Single  roads 
are  better  for  main  and  tail  rope  haulage,  and  the  single- 
road  system  is  what  gives  to  the  main  and  tail  rppe  haulage 
its  preference  over  other  systems. 


ENDLESS-ROPB    SVSTBM    OP    MAULAGB. 


DESCRIPTION  OF  TRB  SYSTEM. 

2378.  The  endless-rope  system  of  haulage  can  often 
be  substituted  with  advantage  for  either  of  the  other  three 
systems  previously  mentioned.  The  underlying  principle 
of  its  action  is  that  the  haulage  is  done  by  a  band  or  a  series 
of  bands  of  rope  that  operate  the  cars  like  an  elevator-chain 
does  the  elevator-buckets.  To  realize  this,  let  the  loaded 
cars  lake  the  place  of  the  full  elevator-buckets,  then  the  in- 
verted and  empty  buckets  are  the  exact  analogue  of  the 
empty  cars;  for  on  one  side  of  the  endless  rope  there  are  full 
cars  moving  progressively  to  the  shaft,  and  on  the  other  the 
empty  cars  are  moving  inwards  to  the  workings.  In  another 
sense,  the  principle  of  action  of  the  elevator  and  the  endless- 
rope  haulage  is  alike;  that  is,  the  buckets  on  the  endless 
chain  of  the  elevator  are  set  separatjly  and  at  equal  dis- 
tances along  the  sides  of  the  chain-belt,  and  in  much  the 
same  way  the  cars  attached  to  the  endless  rope  are  set 
separately  at  fixed  distances  along  the  rope,  the  full  cars 
being  attached  to  one  side  of  the  band  of  rope  and  the  empty 
ones  to  the  other. 
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2379.  A  good  illustratiuu  of  the  arranfifement  of  the 
rope.band,  in  reference  to  three  of  its  most  important 
features,  is  shown  in  Fig.  Rfi!). 

1.  The  engine  and  the  grooved  wheels  for  clutching  (he 
rope  for  hauling  arc  seen  in  plan  in  the  up[H:r  portion  of 
the  figure,  and  in  elevation  in  ihc  lower  portion.  It  will  be 
noticed  that  the  engine  is  luc^utcd  at  one  side  of  the  tracks. 

a.  The  two  parts  of  the  endless  rope  are  seen  between 
each  of  the  two  track*,  for  the  purposeof  hatiling  in  ojMXisite 
directinn-s,  as  shown  by  the  arrows,  which  indicate  that  the 
loaded  cars  arc  moving  uiitwardii  along  the  lower  track  to 
the  shaft,  while  the  empty  cars  are  moving  inwards  to  the 
workings,  as  indicated  by  the  arrow  on  the  upper  track. 

3.  A  tail-wheel  C  is  provided  to  form  the  inner  loop 
orcnd  of  the  rc>pe-b:ind  ;  hence,  the  twosides  at  the  endless 
rope  run  along  their  respective  tracks  and  around  the  tail- 
wheel  Cand  the  grooved  wheels  of  the  engine  at  A  and  S. 

Two  other  important  provisions  designed  to  keep  the  rope 
tight  arc  as  follows;  First,  the  tension-weight  V.  This  is 
employed  to  keep  the  ropc-Iwtnd  light  on  the  grooved  grip- 
wheels;  fiirif  this  isnot  dnnc  the  rope  will  slip  and  the  engine 
will  be  incapable  uf  doing  iis  work.  Second,  the  tiiil  or  re- 
turn  wheel  C  is  made,  by  means  of  a.  tension-balanee,  lo 
keep  the  inner  loop  nf  the  rope  light ;  for  should  one  of  the 
sides  of  the  ropc-lxiiid  be  allowed  ti>riin  slack,  then  ihc  grips 
attached  to  the  cars  lose  their  hold  of  the  ro|)c,  and  the  haiU- 
ago  on  that  side  of  the  band  ceases.  It  wiU  be  seen  that 
several  deflecting  sheavL-t!  are  re<|uired  for  the  engine  end 
that  are  not  necessary  for  the  taii-sheavc  end.  The  reason 
for  the  difference  is  evident;  for  cxampte,  the  sheave  t'can 
be  made  lo  slide  in  a  frame  inwards  or  out  wards  as  the  tension 
o£  the  band  requires  adjustment,  but  the  engine  and  the 
grip-wheels  can  nut  be  made  to  slide  in  this  manner;  conse- 
quently, the  tension -balance  truck  75  has  a  wheel  mounted  on 
its  top,  and  this  forms  a  loop  on  one  of  the  sides  of  the  rope- 
band.  Sliuutd  the  band  slacken,  the  truck  /?  descends  the 
incline  by  its  weight  and  tightens  the  rope,  and  should  the 
rope  become  for  a  moment  over-tight,  then  the  ten»on-bal- 
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ince  track  T>  rises  and  releases  the  stress.  The  deflecting 
sheaves  7^,  6",  //,  /,  etc.,  arc  necessary  for  the  fixed  engine 
[but  are  not  required  for  the  tail-wheel  C. 


Z380.  Fiff.  860  is  a  ptaii  of  a  typical  cndlcss-ropc  haul- 
age with  a  single  band.  At  the  right-hand  end  uf  the  figure 
the  tracks  S  and  s  begiti  ul  the  hoisting- 
shaft.  The  engine  i«  located  at  /;,  and 
the  sides  of  the  rope  from  the  grii>-whcels 
arc  seen  to  pass  round  the  deflecting 
wheels  If,  w.  The  tail,  nr  return,  wheel 
is  shown  at  T.  The  direction  of  the 
motion  of  the  loaded  cars  /,  /,  /,  etc.,  is 
towards  the  hoisting-shaft,  a3  indicated 
by  the  arrows,  and  the  direction  of  tho 
empty  cars  /■, /■,  r,  etc.,  is  inwards  to  the 
working  face,  as  shown  hy  the  arrows. 
In  this  6gTirc,  the  similarity  of  the  end- 
less-rope haulage  lo  that  of  iJic  elevator 
endless  chain  arnd  buckets  is  plainly  seen. 
.  and  yet  there  are  three  particulars  in  the 
*  raode  of  action  in  which  the  endless-rope 
^  haulage  dilTcrsfrom  the  elevator  chain  and 
buckets. 

1.  The  buckets  of  the  elevator  arc  per- 
manently faslcncit  to  the  chain-belt; 
whereas,  in  the  case  of  the  endless  rope, 
the  cars  are  only  temporarily  attached. 

S.  In  the  case  of  the  endless  rope, 
the  cars  are  <letached  at  the  hoisting-shaft 
end  of  the  h>op  and  passed  on  to  the  cage, 
and  the  empty  cars  from  the  surface  arc  at- 
tached to  the  ingoing  side  of  the  rope-band. 

3.  At  the  tail-wheel  end  of  the  rope- 
band  the  empty  cars  are  detached  and 
sent  into  the  workings  lo  be  re6lled, 
while  loaded  cars  from  the  workings  arc 
amtinually  tKring  attached  to  the  outgoing  side  of  the  rope 
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to  be  carriwl  forwanls  to  ihc  boisting-shaft.  The  elevator 
chain  and  buckcU  arc  self-filling  and  »clf-fini>tyinp.  while 
the  cars  of  the  endless- ro^jt.-  haulage  are  continually  in 
process  of  heing  attached  and  detached.  That  is  to  say, 
at  the  tail-wheel  or  inner  end  the  en»ply  cars  are  continu- 
ally being  det.iched  .ind  the  full  cars  are  being  attached, 
while  at  the  outer  or  shaft  cpid  of  the  rndlcss«ropc  band  the 
full  cars  arc  always  being  detached  and  the  empty  cars  arc 
being  attached.  gCj 

2381.  I"ig.  fifiO  shows  an  endless  rope  with  a  single 
bund.  Sometimes  surface  haulages  uf  this  character  extend 
for  miles  over  undulating  ground.  In  the  mines,  however, 
it  Beldnm  occurs  th.^t  a  dingle  band  ib  sufficient  for  theentire 
haulage  of  a  seam,  and,  therefore,  several  deflecting  bands 
are  necessary.  When  this  is  the  rase,  the  t»il<wheel  for  the 
main  or  )»rincii>al  Imnd  is  made  to  ati  as  a  grip  or  fleet 
wheel,  and  to  rotate  hysuitablc  gearing  another  fleet-wheel, 
which  hauls  from  the  workings  the  cars  coming  to  the  main 
band.  Therefore,  the  geared  fleet-whe(>l  f^r  the  local  haul- 
age, is  m.ide  so  that  it  can  he  clutched  in  and  out  of  action 
to  prevent  nee<lless  running  when  the  supply  of  loaded  cars 
from  any  district  is  not  sufficient  In  keep  this  secondary 
band  continually  moving.  Sometimes  the  main  band  is 
continued  forwards  in  its  advance  into  the  workings,  and 
deflerling  grip-wheels  are  fixed  at  the  entrances  to  all  the 
districts  it  passes.  W^en  this  arraMgeinent  is  used,  four  or 
five  deflecting  bands  bring  their  contents  to  one  main  band. 
The  suiemenl  of  this  fact  suggests  that  the  cars  on  the 
main  band  must  run  at  a  higher  velocity  than  those  on  the 
branching  bands,  and.  in  addition,  that  the  cars  on  the  dis- 
trict bands  must  he  set  at  greater  distances  apart,  because 
the  main  band  must  run  off  the  cars  from  all  the  districts. 

Since  qualifications  of  (his  character  are  necessary,  it  a 
clear  that  the  relative  velnciiics  of  the  secondary  bands  of 
rope  must  be  properly  adjusted,  or  the  haulage,  instead  of 
being  a  success,  will  be  a  failure.  Sufficient  has  been  said 
to  furnish  a  general  description  of  the  points  wbicli  give  to 
the  cndlcsb-rupc  haulage  its  individuality. 


2382-  The  conditions  under  which  endless-rope  haul- 
^e  can  be  ajipHcd  in  mines  to  secure  special  advantages 
nust  next  be  cunaidcrcd. 

1.  A  gravity-jilane  vorked  with  an  endless  rope  gives 
betier  all-round  results  titan  a  plane  worked  with  two  ro])es 
and  lira  trains,  because  with  the  endless  rope  thcie  is  prac- 
tically no  limit  to  the  length  of  the  haulage  which  can  be 
done  by  gravity.  As  was  stated  previously,  when  two 
Fopes  arc  u»cd,  the  weinht  of  the  rope  attached  to  the  empty 
train  at  the  comnaencement  of  the  run  su^on  becomes  suf- 
ficient to  counterbii lance  the  weight  of  (he  coal, 

t.  Ordinary  gravity -planes  can  only  be  mnde  efficiently 
seli-arting  on  a  down  grade  for  the  loaded  cars,  whereas  an 
undulating  plane  with  endless  rope  lliat  alternately  pitches 
in  opposite  directions  can  he  made  self-acting  by  gravity,  if 
it  has  a  general  fall  sufficient  to  counteract  the  friction  due 
to  traction.         • 

3.  The  united  advantages  of  an  endless-rope  gravjly-plane 
are  such  that  it  works  efficiently  wherever  the  two.ropc 
system  answers,  and  it  worlcs  and  gives  satisfactory  results 
where  the  two-rope  system  fails;  that  is,  on  very  long  planes 
and  on  planes  pitching  In  opposite  directions,  yet  having  a 
sufficient  general  fail. 

4.  The  general  haulage  of  a  mine  can  be  done  by  gravity 
through  the  medium  of  an  endless  rope,  where  the  ordinary 
gravity -plane  could  not  be  applied. 

5.  More  work  can  be  accomplished  at  a  mine  by  the 
endless-rope  system  than  by  an  cnginc-planc,  because  the 
"run  back  "on  an  engine-plane  is  done  by  gravity,  and  un- 
less the  pitch  is  sufficient  to  produce  a  high  speed,  only  a 
relatively  small  amount  of  work  is  done,  and  where  the 
pitch  is  considerable,  a  large  amount  uf  work  iit  was'cd  in 
lifting  a  long,  heavy  rope. 

tf.  In  some  cases,  where  an  engine-plane  is  down  grade  to 
the  shaft,  and  so  lung  that  the  two-rope  gravity-plane  will 
not  act,  and  engine-power  must  be  employed  to  assist 
gravity.the  endlew;  rn]>e  will  act  and  give  satisfactory  results 
without  the  aid  of  steam-{Kiwer. 
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7.  All  the  Ii.iulagc  that  is  done  by  the  main  and  Inil  rnpc 
system  Call,  where  the  roof  and  floor  will  permit,  be  done 
better  and  more  cheaply  by  the  endless- rope  system,  because 
the  work  can  be  run  oiil  of  all  ih<!  different  districts  the 
same  as  wiih  the  main  and  lad  rupc,  yci  with  a  smaller 
expenditure  of  motive  power. 

8.  Haulage  by  the  cndlcss-rope  system  is  cheaper  on 
undulating  roadii  than  the  main  and  tail  rope,  beciiu»e  the 
only  work  expended  in  the  haulage  is  that  of  traction  and 
the  gravity  <>f  the  mean  pitch. 

It.  With  the  endless-rope  haulage,  there  is  no  congestion 
at  the  gathcring-up  statiuns,  and  no  delays  due  to  several 
districts  calling  for  cars  at  the  same  limc;  for  the  endless 
rape  secures  a  continual  output  *if  full  cars  and  a  continual 
income  of  empty  ones  to  keep  the  work  progressing. 


2383.  Su  far,  attention  has  been  given  to  the  typical 
endlcss-ropc  system.  There  arc  in  practice  several  modifi- 
cations of  it,  specially  intended  to  adapt  it  to  conditions  in 
which  the  dc>uble  track  can  not  lie  used,  a:*  where  the  roof 
and  t\<n>T  arc  tender,  and  can  not  be  kept  secure  without 
risk  ,ind  groat  expense.  These  modifications  aim  .-it  using 
a  single  track  instead  o(  a.  double  one.  In  this  case,  the 
diffusion  of  the  cirs  along  the  tracks  must  be  dispensed 
'vtih,  and,  in  lieu  nf  this,  several  cars  arc  made  to  run  in 
trains.  For  this  arrangement  tn  answer  with  an  endless 
rope,  two  special  provisiuns  must  be  made.  First,  partings, 
or  pass-bys,  must  be  provided  at  frequent  intervals  along  the 
track;  second,  automatic  grips  must  be  used,  »u  that  when  a 
train  enters  a  pass-by,  the  grip  that  secures  it  to  the  rope 
is  automatically  unloosened,  and  the  train  stands  until  a 
train  moving  in  an  up|K>site  direction  reaches  the  point  in 
the  track  that  is  exactly  opposite  to  that  of  the  train  in  tli« 
parting.  Then  the  grip  of  the  standing  train  must  auto- 
matically reclose,  and  allow  it  t'>  move  on  lo  the  succeeding 
pass-liy.  The  pass-by  and  the  automatic  grip  arc  only  differ- 
ent substitutes  for  securing  the  advantages  of  the  typical 
endless  iu[ic  with  double  tracks.     These  modificatiotis,  how- 
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ever,  do  not  remove,  but  only  reduce  the  dsnjfer  and  expense 
of  making  and  mniniaiiiing  lioulilc  tracks,  for  double  trarks. 
arc  made  at  the  partings.  They  arc  expensive  to  maintain 
and  keep  in  good  order,  and  cxpericnrc  has  shown  that  the 
endlc»s-ro[>c  haulage  with  trainii  and  numerous  partings  is 
not  only  not  an  improvement  on  the  main  and  tail  rope  sys- 
tem, but  is  not,  for  an  all-round  haulage,  equal  in  it. 

23^4.      There  are  two  distinct  methods  of  arranging  the 
ropes  for  cndlciiS-rQpe  haulage.      In  one  of  them  that  has 


^. 
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been  frequently  tried,  and  has  never  given  complete  satis- 
faction,   the  rope  is  made  eonttnuous,  both  for  the  main 


80 


MINE  HAITLAGE. 


?a-j 


roads  and  the  branching  n>ads.  To  show  ihc  meaning  of 
this,  PiiT.  801  is  introduced.  Looking  ut  aa  arrow  at  the 
bottom  of  the  ligurc  near  the  k-tler  J ,  it  will  be  seen  that 
the  rope  advances  to  its  utmost  limit  into  the  ininu,  and  then 
returns.  When  it  reaches  the  entrance tu  a  district,  a  wheel 
is-fised  under  the  rails  at  .1/  for  deflecting  the  rope  into  the 
liisirict.  U  now  advances  to  the  return  wheel  for  that  dis- 
trict, and  then  comes  hack,  as  shown  by  the  arrow  on  the 
It'ft-hand  side  of  the  figure.  It  then  returns  by  the  main 
haulagc-road,  asshnwn  by  the  arrow  a  little  aliovc  the  letter 
/.  For  running  cars  into  a  district  shown  in  the  figure,  the 
empty  cars  arc  turned  in  by  the. switch  at  /,  which  is  in 
charge  of  a  switch-kec|>er,  The  empty  cars  run  on  until 
they  pass  over  the  roller  near  //„  where  the  grips  are  fixed 
to  Ihe  rope.  Then  they  proceed  on  their  journey  into  the 
district  workings.  In  the  same  way.  when  cars  are  return- 
ing  l»y  the  main  haulagc-rnad.  the  connection  of  the  grip% 
wilh  the  rope  is  unmade  at  /  near  the  deflecting  wheel  M, 
and  the  cars  run  with  their  acquired  momentum  until  they 
nearly  reach  the  roller  /  at  the  left  side  of  the  figure:  here 
the  connection  is  remade,  and  the  loaded  cars  advance  on 
their  journey  to  the  hoisting-shaft, 


2385*  The  chief  disadvantage  of  this  system  is,  that  the 
rope  undulates  so  much  with  the  varying  tension  that  the 
cars  travel  unsteadily,  and,  in  consequence,  the  rope  is  soon 
damaged.  The  unsteadiness  arises  from  two  causes:  I.  On 
a  long  lead  of  rope  resting  on  rollers  sixty  feet  apart,  the 
vibrations  or  undulations  become  deep  and  rapid.  S.  The 
amount  uf  elasticity  increases  wilh  the  length  of  the  rope. 
These  two  causes  give  to  the  cars  the  jerky  movement  that 
has  just  been  referred  to.  The  worst  of  all  is,  that  the 
longer  this  continiiiius  band  of  rope  is  made,  the  heavier  the 
rope  must  be  for  the  increased  traction,  and  the  jerks  due  to 
such  a  heavy  rope  Iwcome  stronger  and  more  pronounced 
in  their  character  than  those  protluced  by  a  light  rope. 
The  system  of  using  a  continuous  band  for  a  main  and  dis- 
trict haulage  is  not  a  good  one;  this  becomes  more  evideot 
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when  compared  witli  ihe  system  in  which  the  haulage  is 
done  with  a  series  o(  bands.  When  a  district  rape  breaks,  it 
only  causes  a  local  stoppaKC,  whereas,  when  a  continuous 
band  breaks,  the  whole  of  the  mine  haulage  is  interrupted 
and  stopped  until  the  connection  is  remade. 

2386>  The  endless-rope  system  that  is  worked  with  a 
series  of  bands  in  in  practice  preferable  to  all  others.  Its 
mode  of  action  is  shown  in  Fig.  8C3. 

For  the  convenience  of  explanation,  this  mode  of  hauling 
is  called  the  multiple-band  system.  Fig.  802  illusirales  the 
character  of  the  mechanism  by  which  the  secondary  or  dis- 
trict bands  arc  actuated.  In  tlie  ligiirc  it  will  be  seen  that 
at  the  junction  of  the  district  bands  with  the  main  ones,  re- 
peating fleet- wheels  arc  used;  for  example,  at  w,  Fig.  yij?  {a), 
the  main  haulage-band  makes  two  complete  turns  round  that 
fleet-wheel,  and  then  continues  its  onward  course.  The  wheel 
tf.  Fig.  HG'i  (d),  around  which  the  main  rope  passes,  drive* 
the  horizontal  flcct-whecI  nt  through  the  bevel-gears^,  A. 

The  horizontal  fleet-wheel  ts  seen  in  the  plan  at  the  left- 
hand  aide  of  >fi  in  the  plan  of  the  roads.  By  this  repealing 
fleut-whccl  connection,  a  separate  district  band  is  made  to 
haul  the  loaded  cars  out  of  jl/' along  the  track  /,,  and  to  haul 
in  the  empty  cars  along  the  track  //,.  The  levers  g  and  tf 
are  applied  to  chueh  th;  horizontal  fleet-wheel  in  and  out  of 
gear.  When  no  work  is  coming  out  of  district  J/,  the  hori- 
zontal fleet-wheel  is  thrown  out  of  gear,  and  when  this  dis- 
trict haulage  is  required  it  is  put  in  gear.  The  atlvantagcof 
this  arrangement  is  iliat  the  stress  on  the  rope  of  the  main 
haulage-band  is  greatly  reduced,  fur  it  seldom  happens  that 
all  the  district  bands  arc  moving  at  one  time. 

2387.  Where  endless-rope  haulage  is  done  by  one  en- 
gine, the  stress  on  the  main  band  of  rope  is  very  great,  be- 
cause this  rope  must  sustain  Ihe  stress  due  to  the  whole  of 
ic  traction  of  the  mine.  Therefore,  the  rope  of  the  main 
inds  must  He  very  large  and  heavy,  or  otherwise,  after  it 
has  been  in  use  a  short  time,  it  is  liable  to  break  and  produce 
stoppages  and  delays  of  a  very  serious  character.     If  light 
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ropes  are  used  on  the  main  band,  wa^tc  can  be  avoided  b^ 
taking  ihcm  off  .iftcr  they  ti.ivc  been  used  a  short  time,  and 
using  them  to  do  lighter  work  as  district  bands.     It  is  true 
that  this  can  be  danc  with  heavy  ropes,  but  the  waste  of 
energy  due  to  the  umt  of  heavy  ropc»  may  be  at  once  per- 
fieived  when  the  student  remembers  that  Iheweight  of  these 
ropes   increases  the  traction   due  to  friction,  and  thereby 
largely  augments  the  cost  of  generating  the  motive  pi>wer. 
It  is,  however,  evident  that  if  only  one  engine  is  cinpKiyed 
fur  a  general  cndlesn-ropc  haulage  in  a  large  mine  with  a 
large  output,  all  the  difficulties  here  {lointed  out  are  unavoid- 
able.    They  may,  however,  be  prevented  entirely,  and  the 
system  of  haulage  may  be  immensely  simplified  by  using 
electric  or  corapreswd-air  motors,  or  gasoline-engines,  for 
working  the  district  bands.     By  this  means,  two  great  ad- 
vantages  arc  secured.     First,  when  a  district  band  is  not  run- 
ning, there  can  be  no  waste  of  costly  energy,  and  when  the 
rope  is  running  the  haulage  can  be  done  quickly  or  slowly, 
according  to  the  exigencies  uf  each  special  case,  thus  saving 
a  needless  waste  of  power.     Besides,  the  ropes  can  be  of  the 
lightest  character,  consistent  with  economy  and  efRciency, 
and  thus  the  tractive  force  can  be  reduced.     Perhaps  the 
following  remarks  will  clearly  illustrate  the  case  in  question  ; 
Suppose  there  arc  U)  bands  of  rope  all  connected  with  re- 
peating ficel-whcels;  then  the  main  bands  arc  subjected  to 
tKeslressduc  tolOsectional  haulages.     Suppose,  again,  that 
all  the  bands  are  worked  by  separate  motors;  then  each  rope 
will  only  require  a  strength  sunficient  to  do  its  own  special 
work,  which  will  be  one-tenth  of  the  whole.     Consequently, 
rope*  of  one-tenth  the  strength  will  do  the  haul.ige  as  efTi- 
dentiy  as  the  large  rope  previously  noticed.     It  is  sometimes 
urged  that  transmitted  energy  is  attended  with  loss.     This 
b  true,  but  it  is  far  better  to  lose  25  or  30  per  cent,  of  the 
motive  steam-power  to  obtain  the  advantage  of  transmitted 
eoergy  by  which  separate  motors  are  used  for  each  band  of 
ropes,  because  the  tractive  force  is  reduced  by  the  reduction 
in  the  weights  ui  the  ropes,  and  the  saving  of  energy  is  in- 
creased by  reducing  the  velocities  of  the  district  bands  to  a 
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speed  within  the  compass  of  ihc  work  to  be  done.  By  using 
gasniinc-cngines  for  the  district  haulages,  however,  there  is 
ng  loss  due  to  transmitted  energy,  because  the  energy  re- 
quired is  generated  in  the  cylinder  of  the  engine. 


2388.  Extensive  systems  of  endless-rope  haulage  are 
sometimes  used  on  the  surface.  When,  as  sometimes  is  the 
case,  the  track  is  not  less  than  two  mites  in  length,  and  a 
great  weight  of  coal  must  t»c  carried  nverthc  road,  it  is  neces- 
sary that  the  cars  should  be  set  at  relatively  short  distances 
apart.  The  result  is  that  a  heavy  tractive  force  falls  on  the 
rope.  It  can  scan-ely  be  urged  that,  in  a  case  like  this,  a 
continuous  lead  should  be  broken  for  reducing  the  weight  of 
the  rope.  In  ii  mine,  however,  this  reasoning  does  not  apply, 
because  there  a  single  band  can  not  be  used,  as  separate  hands 
arc  required  for  each  of  the  districts  into  which  the  mine  is 
divided,  and  as  the  divitrion  is  imperative,  all  the  advantages 
of  a  miikiplc  haulage  can  be  secured  by  using  separate  motors 
for  each  hand.  To  do  these  separate  haulages,  however, 
electricity  or  compressed  air  must  be  used  to  transmit  en- 
ergy, or  gasniinc-cngincsmnst  be  used.  Which  of  these  three 
plans  may  be  preferred  depends  upon  the  conditions  net  with 
in  different  mines.  For  example,  the  transmission  of  elec- 
tric energy  would  sometimes  take  precedence.  This  beingthe 
case,  it  might  be  suggestiril  that  it  would  be  wise  to  dispense 
with  the  ropes  altogeilicr,  and  inLroduce  in  their  stead  elec- 
tric or  compressed -air  locomotives.  They  could  not.  how- 
ever, be  used  in  a  large  mine  with  a  large  output,  because 
the  trains  running  in  and  out  of  the  dilTcrcnt  districts  would 
interrupt  one  another's  free  passage,  and  cause  great  delays 
in  the  contracted  roads  of  a  mine,  or  in  mines  where  the 
haulage  is  very  long,  and  principally  on  one  or  two  roads. 
The  same  may  be  said  of  compressed-air  locomotives.  Lo- 
comotives have  their  place  in  small  mines,  but  for  a  large 
output,  in  a  large  mine  with  a  number  of  districts,  nosystem 
of  haulage  has  yet  been  introduced  that  furnishes  equal  facil- 
ities with  that  of  the  endless  rope.  It  does  its  work  cheaply 
and  efficiently  within   the  limits  of  the  ordinary  working 
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hours.  Lncomolivc  haii)ai;c  in  large  roal-mincs  workttl  tn 
numerous  dJstricLsia  alti)t;«tbcr  nut  t)f  Ihcqiirstion,  but  elec- 
tric or  com  pressed -air  motori;  ur  Kasuiine-cnj^incs  for  the 
main  and  district  haulajje  give  to  ihc  cndlcss-rope  system 
mcrrits  thai  are  unobtninnble  hy  any  other  means. 

23S9.  Before  considering  the  matheitiatical  questions 
thai  arise  in  reference  to  cndIess.ropc  haiilagr,  there  are 
certain  details  in  the  appliances  of  the  system  that  arc 
worthy  of  attention,  and  should  be  somewhat  comprehensive- 
ly understood  by  the  mining  student.  Thcs«  will  now  be 
described. 


TAII,  OR  VBTl'HN  8lleAVR». 

2390>  As  previously  stated,  tail  or  return  sheaves  are 
fixed  at  the  inner  ends  of  the  tail-rope  liaulage-roads  for 
reversing  the  direction  of  the  rope  and  Icadirijc  it  back  to 
the  haidinn-druro.  Similar  sheaves  for  the  same  purpose 
arc  used  for  the  various  bands  of  an  endlcKS-ropc  haulage 
system,  but  in  this  case  the  sheaves  are  mounted  on  cars, 
and  are  known  as  tension  or  balance  cars.  Their  mode  of 
action  will,  however,  be  taken  up  under  a  separate  head. 

23&1>  FifT-  ^^  shows  a  horizontal  tail-sheave  which 
may  be  used  for  the  enfiine-plane  or  lail-rope  systems. 
The  cast-iron  spider  m  is  firmly  bolted  to  the  timbers  shown, 
and  is  provided  with  a  steel  or  wrought-iron  pin  n,  arntmd 
which  thfe  sheave,  o  revolves.  That  part  of  the  pin  which 
passes  through  the  spider  has  a  smaller  diameter  than  that 
which  passes  through  the  sheave,  sn  that,  hy  screwing  up 
the  nut,  it  i<;  firmly  held  in  the  spider  without  clamptnfr  the 
hob  of  the  sheave,  and,  therefore,  fillers  no  resistance  to 
the  free  turning  of  the  sheave.  To  prevent  the  sheave  from 
coming  off,  and  to  keep  dirt  from  entering  the  bearing,  the 
pin  is  pRJvided  with  a  nut  and  washer/.  For  properly 
lubricating  the  sheave,  the  pin  is  provided  with  an  oil-cup  ^, 
ihe  oil  from  which  flows  through  tho  hole  of  the  pin,  as 
shown  by  the  dotted  lines. 

The  sheave  should  be  rigidly  anchored,  so  that  there  is  no 
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»crc,  it  would  be  too  expensive,  unlcs*  the  system  were  to 
:bc  a  [>crina  111:11 1  one. 

In  the  figure  U  »huwn  a  common  tnctliocl  of  anchoring  a 
Bheave.  Here  the  foundation  is  built  of  I'Z'  X  IS'  timbers, 
to  which  ihe  spider  is  bolted,  the  bolls  passing  through  both 
timbers  as  shown.  At  a  distance  of  about  three  or  four  feet 
from  the  shtavc  is  firmly  secured  in  the  ground,  ;it  an  angle, 
lUfo  timlKrrs  a  and  a,  to  which  the  sheave  is  lied  by  the  rods 
f  and  A.  One  end  of  each  of  thei>c  rods  passes  through  the 
tipper  foundation  timbers,  and  the  other  through  a  19'  x  13* 
limber  r  placed  on  the  outside  of  the  two  timbers  a  and  a. 
The  ends  of  the  rods  are  supplied  with  nuts  and  cast-iron 
*ashers.  For  preventing  the  rope  from  falling  off  the 
iheavc  when  it  becomes  slack  or  when  the  stress  is  removed, 
two  timbers  ^/ and  (/arc  firmly  fastened  in  the  ground  close 
to  the  sheave. 

2392.  Tail-sheaves  arc  sometimes  arranged  as  shown 
in    Fig-  S64.     Here,  the  sheave  £?  is  in  a  vertical  position 


ind  revolves  in  bearings^  placed  on  each  side.     It  is  firmly 
Ited    to  a  strong   rectangular  frame  b  made   of   heavy 
bcriL     The   sheave   is  elevated   a   certain    height    by  a 
oodrn  structure  consi-tting  of  timbers  <  and  c,  rigidly  fast- 
ed Iwtwecn    the  I»ottom  and  roof  cf  ilie  entry,  and  the 
ntal  timber  d,  as  &liown.     This  sheave  is  anchored  by 
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rigidly  fastenifijT  a  post  e  at  an  angle,  and  wTapplns  one  end 
of  a  chahiy"svvi.TaI  limes  :iround  it,  the  oilier  end  of  whic^^ 
is  fastened  hy  mean»  of  an  eye-bolt  to  the  frame-timber  ^-^^ 

2393.     In  Pig,  805  is  shown  another  tneihod  of  anchor- 
ing a  vei'tical  lail-sheavc.     Here,  two  heavy  timbers  a,  which 


are  strengthened  by  braces  h,  are  rigidly  fastened  in  a  ver- 
tical piisiiion  im  each  side  uf  the  sheave.  The  jnint  formed 
by  the  timbers  and  liriiccs  should  be  so  made  that  there 
will  be  no  li:ibility  of  the  brace  slipping  when  under  a  great 
Stress.  This  iiiuy  hv  done  lu  shown  in  t!n>  fijfure.  Th« 
holts  which  hold  in  place  tlie  bearings*-,  in  which  the  sheave 
revolves,  pass  through  the  vc-riical  timbers  and  the  braces^. 
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By    making  the  ]<»iiit  as   shown,  the  IkjIis  are  wholly   re- 
lieved irom  vcriicai  sirois  due  to  the  brace  b. 

23tt4.  When  it  bccoiccs  necessary  to  place  Ihc  laU- 
sheavc  directly  under  the  track,  the  arrangement  shown  in 
FtR,  86«  is  generally  used.  A  pit  L  of  suflicicnt  depth  is 
provided,  in  which  the  lail-shca\'c  O  i«  placed,     At  a  distance 


Pio.  mb. 

al  about  30  or  35  feet  from  the  tail-shcave  is  IfK:atecl  a  de- 
flecting or  guide  sheave  /'  The  ropt-,  in  coming  along  the 
center  of  the  track,  is  deflected  by  this  sheave,  and  then  runs 
anmnd  the  taiUshcavc  as  shown. 

2305>  Tail  and  deflecting  sheaves,  around  which  a  rope 
of  19  wires  t<>  the  strand  is  lobe  run,  should  have  a  diameler 
of  not  Icsiithan  fK>  times  the  diameter  of  the  rope;  if  the  rope 
has  7  wires  to  the  strand,  lis  <li;imcter  should  be  not  less 
than  1<K>  times  the  diameter  of  the  rope. 

230A.  When  locating  guiding  or  deflecting  sheaves 
around  which  a  rope  i:^  to  be  Icil,  it  is  best  lu  locale  thcni  in 
such  a  manner  thitt  the  an^lc  formed  by  the  two  parts  of  the 
rope  which  pass  around  the  sheave  is  as  large  as  pos-sible, 
since  the  greater  the  angle  the  smaller  the  stress  on  the 
bearings  in  which  the  sheave  revolves.  That  this  state- 
ment may  be  clearly  undcrstotxl,  reference  should  be  made 
to  Fig.  SrtT,  which  represents  an  engine-plane.  Here  the 
engine  is  located  alA  and  ihccars  are  at  U.  In  order  to  pull 
the  cars  in  the  direction  indicated  by  the  arrow  (and  for 
other  reasonn),  it  was  necessary  to  locate  three  sheaves,  as 
shown  in  the  figure. 

Assume  that  the  resistance  offered  by  the  cars  is  5  tons; 
then,  neglecting  the  friction  of  the  sheaves  and  the  rope. 


4 


90 


MINE  HAULAOB. 


8  22 


the  tension  in  all  parts  of  x\\e  rope  will  be  5  tons.     To  c1eter< 
mioe  the  load  on  the  pin  of  the  sliirave  C,  aroiinj  which  il 


Sions 


pin,  HSr. 

revolves,  proceed  as  follows:  To  move  the  cars  S,  a  force  ol 
0  tons  must  be  a]>pHed  to  the  part  ti  h  (if  the  rope  in  the 
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direction  of  the  arrow  <-.  There  Is  also  a  force  of  5  tons  act- 
ing in  the  poriiun  wf  thu  rope  in  ihc  direction  of  the  ariuvt/ 
due  lo  the  resistance  of  Ihe  cars.  The  sheave  C,  owing  lo 
lHcsc  two  forces  in  the  rttpe,  tcndslo  move  lowardsy  <in  llic 
Unc^y,  bul,  an  a.  mailer  of  cour&c,  is  prevented  from  doing 
So  by  the  pin  arinind  which  it  revolves,  and  by  the  anchor- 
ing. The  force  which  tends  to  mo%*c  the  sheave  C  tnwardsy 
along  the  line  ^y  may  he  found  by  producing  the  center 
lincTiof  the  p^^rlions  a^and  ^i  r  of  the  ropes  until  they  inter- 
sect ut  J",  To  any  convenient  scale,  lay  off  irom  ihc  point 
of  intersection  ^thc  points  A  and  r'on  the  portions  of  the 
roi>C(»  Aandi/c,  respectively,  each  equal  to  5  tons.  Through 
the  point  /i  draw  the  line  ft  J  parailfl  to  the  portion  of  the 
rope  rfr,  and  through  the  point  /draw  tiie  line  //parallel 
lo  the  portion  of  the  rope  a  f>;  then,  draw  the  diaynnal  g^y 
of  the  parallcIoKrani.  This  diagonal  is  the  resultant,  and 
represents  the  (greatest  force  acting  on  the  sheave  C. 
Measuring  it  to  the  same  scale  that  has  been  used  to  lay  off 
the  forces^  A  andi'  r,  respectively,  its  value  is  found  to  be 
^  tons.  Thin  9J  tons  represents  the  pressure  on  the  journal 
and  on  the  bearing  of  the  sheave,  and  is  nearly  twice  the 
stress  in  the  rope.  The  pressure  acting  on  the  sheaves  J? 
and  /:  is  found  in  a  similar  manner. 

In  ascertaining  the  pressure  on  the  sheave /?,  thedircction 
of  the  stress  in  the  portion  of  the  rnpe  k  b  must  be  consid- 
ered as  acting  from  k  towardH  b  <?,  as  shown  by  the  arrow  /; 
that  is,  it  must  be  regarded  as  btriiig  produced  by  the  resist- 
ance of  the  cars.     The  dirccti<m  of  the  stress  in  the  portion 
of  the  rope  jf'jr*  due  to  the  pull  of  the  engine  is  from^' 
towards ,f',  or  in  the  direction  of  the  arrow  w.     Construct- 
ing the  parallelogram  of  forces  an  alwve,  and  ru mem bt* ring 
that   the  tension  in  the  rope  still  remains  five  tons,  the  re- 
ftallant  is  g'  J',  and  measuring  it  to  the  same  scale  as  has 
been  usc<I  to  lay  oiF  the  ftirccs,^'  i' a.ui[  ^'  W .  respectively, 
it  U  found  to  scale  ft\  tons,  a  result  considerably  less  than  JQ 
the  case  of  ihc  sheave  C.     It  will  also  li«  noticed  that  the 
angle  <'jf'  A',  formed  by  the  rope  led  around  the  sheave  Z*,  is 
OMuidcrably  greater  than  the  angle  h  g  i  formed  by  the  rope 
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at  tbe  sheave  C.  In  a  similar  manner  is  found  the  resultant' 
stress  jC'y  on  the  sheave  £;  measuring  it  to  the  scale  used 
to  lay  off  the  (oTcc  ^'  //'  antl^''  i',  rfspiiciivcly,  it  is  found 
to  equal  about  A.^ti  tons.  In  a  simitar  mann<--r  the  resultant 
stress  on  any  sheave  may  be  found.  It  matters  not  whether 
the  sheave  be  placed  in  a  vertical,  horizontal,  or  ang^ular 
position. 

The  above  results  indicate  the  best  method  »f  placing  the 
spidt-rs  to  resist  the  stress  on  the  slii-avf ;  namely,  as  shown 
in  the  figure,  M:ilh  the  long  side  of  tlie  tinittcrs  which  suji- 
port  the  spider  parallel  to  the  rcsullanl  ^y,  ff'J',  or^V'- 

From  the  above,  it  is  quite  evident  that  a  sheave  may  be 
used  very  satisfactorily  in  one  place  and  not  at  all  in  an- 
other. Thus,  referring  to  Fig.  807,  a  sheave  placed  at  £ 
would  he  subjected  to  a  load  nf  <mly  fl.fi6  tons,  while,  if  it 
were  placed  at  C,  it  would  be  subjected  lo  flj  tons,  orwould 
have  about  double  the  load  on  it.  The  sheave  placed  at  Ji 
could  be  considerably  lighter  than  the  one  placed  at  C. 


TeNHION,  OR  BAI.ANCK,  CABS. 

2397.  A  new  win;  rope  permanently  elnngatwi  or 
stretches,  on  account  uf  ibc  twist  of  the  strands,  f  mm  about 
1  to  1 1  per  cent,  of  its  total  length.  Thus^  a  rope  I  mile,  or 
S,28()  feel,  loug  of  an  eniHcss-ropc  haulage  plant  will  con- 
tinually become  longer  until  it  obtains  a  length  of  about 
5,480  -f  5,38(J  X  .015  =  h,3a'.}.2  ft.,  or  it  increases  in  length 
about  7!<.S  ft.  There  will  be  a  continual  variation  in  the 
length  of  the  rope  duetu  tlu*._lfmper.itiire  of  theatniosphere, 
which  will  cause  the  rope  to  t-xpand  or  contract.  A  steel - 
wire  rope  will  txpand  or  contract  .OOOOOSftCt  of  its  length, 
and  an  iron-wire  rope  .OOdOOCiSC  <)f  its  length,  for  each 
degree  of  change  in  temperature;  hence,  if  the  above  rope 
■were  of  steel,  itwonid  be  5,35 Jl. 2  X  (lOn  —  33)  X  .00000599  = 
2.183  ft.  longer  in  summer  when  the  thermometer  stand.i 
at  100"  th.xn  in  winter  at  33"  ;  and  an  iron-wire  rope  would 
be  5,359.2  X  (lOtl  -  32)  X  .O0000l5»C  =  2,5  ft.  longer.  Were 
no  provisions  made  for  this  inrrca.sc  and  decrease  in  the 
length  of  the  rope,  the  rope  would  be  slack  at  one  time 
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and  ti^ht  at  another, 
and  if  thff  rope  wiTc  led 
around  a  Rxcd  tait- 
sheavc,  as  m  the  case 
of  the  cngitie-pUnc  and 
tail-yiiic  system,  it  would 
fall  off  the  sheave.  Be- 
sides, when  the  rope  is 
slack  I  he  required  ad- 
hesion of  ihc  rope  to  the 
driving>drunis  can  not 
bo  secured  withwhirh  to 
haul  the  load.  Arrange- 
ments by  which  the  rope 
is  always  kept  in  a  tight 
state  are  called  tcoMon. 
or  balance,  cars.  An 
arrangciiicnt  used  for 
this  purpose  bhoidd  oper- 
ate automatically,  so  that 


at  no  time  will 
the  rope  be  in  a 
slack  iitat«.  A  ten- 
sion, or  balance,  car 
is  shown  in  Fi{;.  StiS. 
The  sheave  is  fastened 
to  a  movable  carriage  A, 
coniiisting  o£  a  spider  pro- 
vided with  wheels.  To  the 
carriage  is  fastened  one  end 
of  ihe  chain  C,  the  other  end 
beinn  fastened  to  a  &ina)l  drum 
/>.  In  a  pit  near  the  balitnct-iar 
is  litcatcd  a  weight  W,  by  which  a 
tension  is  niaintaincd  in  the  wire 
rope,  antl  which  always  t<-n(l*i  i'>  niuve 
the  car  towards  ihc  riyht.  The  weight 
is  hung  to  a  wheel  /)  which  runs  on  tbe 
chain  C,  th«  chain  Wing  led  over  the 
deflecting  sheave  E.  On  the  shaft 
carrying  the  drum  7?  is  rigidly  fastened 
a  worm-whce!  /^  meshing  with  a  worm 
O,    and   operated  l>y  a  hand-wheel  ff. 
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AftrTtIi«wirer'>;;chasfXfjan<lcd  cnuiigh  to  cause  the  weight 
"'  t'j  liang  quite  low  in  the  pit,  the  weight  is  raised  by 
turning  the  hand-wheel  H,  which  causes  the  drum  to  revolvft 
triroogh  ihe  intervention  of  the  worm  and  the  wortn-whecl, 
liici shortening  the  chain  C.  The  n-f^iyht  Il'in  this  case 
hit  a  mnvement  nf  only  nnc>half  that  nf  the  carnage,  but 
Bimbc  twice  as  heavy  as  one  that  simply  hunsrs  at  the  end 
"f  the  chain.  The  rails  on  whirh  the  Italanrc-car  (ravels 
^ultl  be  turned  up  at  their  ends,  as  shuwn  in  the  figure, 
w  n  to  form  an  obstructi"'>n  beyond  which  the  car  ran  not 
P»M.  It  is  well  to  have  a  second  rop<*  or  rhain  lying  loose, 
kiving  cwie  end  fastened  to  the  car  and  the  other  to  the 
'i-jm  B,  so  that  in  case  the  first  breaks  the  second  takes  its 

239'8.  In  Fiff.  Wi  is  shown  another  irrangement  of  a 
Icnsion-car.  A  heavy  car  carrying  the  sheave  is  placed  on 
a  short  inclined  plane.  The  ro[»c  iromitig  aUmK  the  center  of 
Onclrack  is  carried  over  the  detlectiiit:  sheave  . I,  then  [)a».->ed 
«round  the  sheave  of  the  balance-car,  and  is  then  led  back 
over  the  road.  The  inclination  of  ihe  plane  and  the  weight 
of  the  balance-car  are  such  that  Ihe  proper  t^-nsion  in  the 
rope  i«  maintained  liy  the  tendency  of  the  car  to  descend 
Lhe  plane;  any  expansion  or  contraction  of  the  rope  Is 
immediately  taken  up  by  the  car. 

2399.     When  it  Is  required  to  provide  tension  arrange- 

mcnts  for  the  expansion  and  contraction  of  the  n>i)e  only, 

Ihe  (lermancnt  stretch  of  the  rope  being  taken  up  by  other 

means,  the  arrangements  shown  in  Kiys.  STiiandSIl  may  be 

BMd.      In  Fig.  S70,  the  rojw  ia  led  o%*er  two  sheaves  A  and 

B.  firmly  held  by  suitable  supports.     In  the  center,  between 

thcf«  sheaves,  is  erected  timlier-work,  so  constructed  that  a 

■third  sheave  C  can  work  up  and  down.     The  sheave  C  has 

*a  weight  H'hiinpto  it,  and  therefore  causes  a  tension  in  the 

rope.     When  the  rope  expands,  the  sheave  f'and  weight  W 

hdesccnd,  and  when  it  contract:*  Ihcy  ascend. 

la  Fig.  871  a  somewhat  different  arranpcment  is  shown. 
Here,    cast-irvin    standards    having   suitable   bearings  are 
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prnvidedforihesheavcs.f  and  B.     At  tlie  upper  extremity  of 
the  larger  standard  is  Imattd  a  lever  C,  carrying: a  slieavei? 


flii.  wi. 


at  one  end  and  a  counterpoise  IV al  the  other.     The  counter- 
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poise  is  s«  constructe*!  llial  it  t'-in  he  moved  alotifi;  the  short 
arm  of  the  luvcr,  ^a  that  the  cenMon  in  tlie  rope  can  be 
properly  adjusted. 

2400.  The  rope  of  an  endle»8-ropc  hn.iila(te  system 
should  alway*  be  led  around  a  tension  or  balance  ear  located 
at  the  far  end  of  the  road.  Sometimes  the  rnpe  is  led  around 
a  tail-shcavc  firmly  fixed,  no  means  of  a  uniform  tension  in 
the  rope  bcin^  provided  for.  This  is  altogether  wrong,  and 
should  not  be  practised. 

A  tension-<'ar  should  always  be  placed  close  lo  the  driving 
(Qarhinery.  This  is  very  essential  for  the  proper  working 
of  the  system,  as  otherwise  Jt  wotdd  be  impossible  tn  secure 
thr  requisite  adhesion  of  the  rope  to  the  drum  in  order  to 
haul  the  load.  The  slack  or  riinnjng-off  portion  of  the  rope 
should  always  be  led  around  the  sheave  of  the  balance-car, 
[or  the  slack  can  not  be  taken  up  on  the  loaded  side. 


carlk:<4:uii'*i  nnt  knul.bhh-u<»>k  haulaob. 

2-MI1.     Fig.  ^'t'4  furnishes  an  illustratitui  nf  the  mode  of 
attaching  a  car  to  a  cable  in  an  cndlcss-mpe  haulage  system. 


Tbc  srip,  it  will  be  seen,  is  coupled  by  a  bar  d  to  the  car. 
At  tbe  moment  the  coupling  is  made,  the  lever  a  is  lying 
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down  on  the  coiipling'-bar  b,  M)  that,  when  a  is  raised,  the 
jaws  «f  the  grips  cltwic,  and  immediately  the  car  advances 
with  the  cable.  To  disconnect  the  car,  the  lever  a  is  pushed 
down,  the  jaws  are  released,  and  the  car  i*  broHRht  to  rest. 
Sometimes,  however,  its  momentum  must  he  destroyed  by 
inserting  Kprngt:  in  the  wheeK  J 

2402.  One  of  the  simplest  of  the  grips  is  the  old-fash- 
ioned grip-tongs  shown  in  Fis.  Hi3.  It  consists  »>f  two  jaws 
a  and  b,  having  handles  a'  and  b'  respectively.     The  jaws 


FlCI.  R73. 

are  held  together  by  a  pin  r,  having;  a  nut  on  its  other  en^ 
That  part  of  the  pin  which  passes  through  the  handles  is  of 
smaller  diameter  than  the  part  to  which  the  chain  </  is  fast- 
ened.    A  shoulder,  therefore,  is  formed  on  the  pin  which 
prevents  any  side  movement  of  (he  jaws.     The  grip  is  fa 
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ened  to  the  rar  by  Ihc  thain  (/,  the  h<K»k  beiriK  .ittached  to 
the  draw-bar  of  ihe  rap.  "The  jaws  of  the  grii*  have  a 
creficent  shape,  so  that  the  cable  can  be  held  iMftween 
^.tbem.  The  frirtion  between  the  jaw*  of  the  grip  and  the 
iblr  bcin^  greater  than  the  rc^isuncc  of  the  t-ar,  the  latter 
is  moved  atoHK  with  the  speed  of  the  cable.  Tu  ubviatc  the 
necessity  of  cnntiniioiinly  holding  the  jaws  tugcthtrr  »>  as  ti> 
haul  the  load,  a  link  ^  is  wedded  over  the  handles.  Not- 
withstanding that  this  (|;rip  im  very  simple  in  conxtruction, 
it  is  fotind  to  be  very  cumbersome;  it  can  only  he  used  for 
hauling  light  loads. 

2403.  Mnicre  heavy  loads  are  to  he  hauled,  it.  is  neces> 
sary  that  the  construction  of  the  Rrip  be  such  that  a  greater 
pressure  can  be  exerted  on  the  cable  by  the  jaws  of  the  grip 
than  in  that  shown  in  Fig.  873.  A  grip  which  will  do  this, 
and  one  which   is  extensively  used,  is  shown  in   Fig.  874. 


Ptc.  8!L 

This  consists  of  two  plates  or  frames ;«  and  /ibolted  together. 
Each  frame  has  on  its  inner  side  a  channel ;  thc»c  lie  oppo- 
site to  each  other,  forming  a  recess  in  which  the  shank  A  of 
Ihe  upper  jaw  ^can  slide  up  and  down.  The  lower  jaw/ 
is  part  of  the  frame  m,  and,  therefore,  rL-niains  stationary 
in  relation  to  the  frames  »i  and  «.  Between  the  upper 
CEtremities  of  the  frames  is  provided  a  lever  r  for  operating 
the  sliding- jaw  a      Thi*  lever  has  trunnions  s  and  s"  which 


work  in  bearings  /  and  /'  iittcU  to  the  frames.  That  end  or 
part  of  the  lever  wiiiclt  works  btlwccn  the  fraint:s  is  of  such 
a  sliapc  that,  when  the  lever  is  swuiik  ovtr  to  the  opposite 
sides,  it  forces  the  jaw  o  downward*,  and  causes  it  to  grip  the 
caVile  firmly.  After  the  jaws  o  and  /  are  worn,  so  that  the 
pressure  reqnired  to  haul  the  load  cannot  be  secured  hy 
swinging  the  lever  r  to  the  opposite  side,  the  end  of  the 
lever  between  the  frame  is  h>wcrc«l  by  forcing  the  bearings 
/  and  t'  downwards  by  means  <]£  the  set  screws  k,  w,  after 
which  the  cable  can  a^ain  be  gripped  firmly.  To  cause  the 
jaw  o  lo  ctenr  the  cable  after  the  grip  has  been  relea&ed,  a 
pin  V  is  fastened  to  the  shank  b  of  the  jaw  o,  which  projects 
through  an  elongated  hole  c  in  the  frame.  Firmly  secured 
to  the  lever  r  is  another  pin  %v,  and  to  the  frame  «  is  pivoted 
a  hell-crank  x.  having  the  upper  edge  of  the  arm,  which  is 
nearly  perpendicular,  inclined.  As  the  lever  r  is  raised  to  a 
vertical  position,  the  jaw  o  is  moved  downwards,  also  the  pin 
5',  thereby  causing  the  bell -crank  x  to  swing  on  its  center. 
In  reluming  the  lever  r  to  its  original  position,  the  pin  :^ 
strikes  the  nearly  perpcntlicular  arm  of  the  bell-crank  x, 
causing  it  to  take  the  position  shown  in  the  figure,  thereby 
raising  the  jaw  o  by  the  pin  v.  The  grip  la  made  of  steel, 
excepting  the  jaws  oand/,  which  arc  lined  with  soft  metal; 
these,  when  worn  out,  can  easily  he  rejilaced.  This  grip  is 
fastened  to  the  car  by  a  rod  having  a  hook  at  one  end,  p. 
of  this  bar  being  shown  BXy. 


■\ 


2404.  When  the  cars  are  run  singly,  each  car  must  he 
provided  with  a  grip;  but  if  they  arc  run  in  trains,  a  power- 
ful KTJp  iiiay  be  atiatlifd  to  the  first  car,  or  the  grip  maybe 
mounted  on  a  special  car,  to  which  the  whole  train  of  cars 
may  he  attached.  The  special  car  carrying  the  gripiscallcd 
the  grip-car,  and  the  grip  is  applied  to  the  rope  hy  either  a 
combination  of  levers  or  a  hand-wheel.  In  Fig.  875  \% 
shown  a  grip-car,  which  consists  of  a  strong  timber-frame 
mounted  on  wheels.  The  grip  is  fixed  in  the  center  of  th.; 
car  in  such  a  manner  that  no  longitudinal  movement  can 
take  place;  it  may,  however,  be  moved  sideways autom.'.lic- 
ally,  in  order  to  clear  the  guiding-sheaves  when  passini 
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around  rur^*c5.  The  car  is  provide<I  with  brakes  6  ami  6 
for  slopping  Ihc  rar  more  quirkly,  iiiKiloprcvt^rU  any  move- 
meat  of  the  irain  on  slight  inclines  when  the  grip  h  released 


Pio.  an. 
from  the  rope.     Thu  grip  is  operated  hy  the  lever  c,  and  the 
brakes  by  the  lever  */  ;  it  is  placed  sutBcicntly  high  to  dear 
l!»e  track-roll crs. 

CAl.CUI.ATtn KM  RKt.ATITvr.   TO  KTEHLKMH-tlOPr.  HAULAfSR. 
24<>5.     The   Nunihvr    of    Cam   and  ttiv  l>lNtui]ce 
Tticy  Arc  Set  Apart  on  n  Muln  llnulusc-ltund. 

Let  O  =:  the  output  of  toal  in  Ions  pL-r  diiy; 

o  =  the  weight  of  coal  in  tons  a  ttingtrcar  will  carry; 
a^=  the  weight  of  coal  in  ^he  cars  attached  to  the 

haulage-band ; 
J?=:  the  distance  traveled  by  a  point  in  the  rope  in 

one  day; 
if—  the  distance  traveled  by  the  rope  from  the  return 

sheave  to  the  hoistitig'tihart; 
n  =  the  number  of  full  car*  on  the  inain-rope  band; 
r  ^  the  distance  between  cars  on  the  rope. 

^'^  (206.) 

(207.) 
(208.) 
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To  understand  these  expressions,  notice  that  if  d  is  the 
distance  a  point  in  the  rope  moves  through  in  passing  from 
the  return  wheel  to  the  hoisting-shaft,  and  that  if  D  is  the 
distance  a  point  would  move  through  in  a  day,  supposing  it 

always  to  be  traveling  shaftwards;  then,  -jr  will  represent 

the  fraction  of  the  coal  hauled  in  one  outward  journey  of 

the  point;  that  is,  o^  =.—=-. 

Again.  «  =  — ',  because  if  the  weight  of  coal  hauled  in  one 

journey  is  equal  to  o,,  and  o  is  the  weight  of  coal  one  car  will 

carry,  then  -  is  equal  to  the  number  of  loaded  cars  on  the 

rope,  for  the  rope  will  throw  off  at  the  shaft  that  number 
for  each  distance. 

Hence,  n  —  -y.—  and  r  = -,  the  distance  the  cars  are  apart 

on  the  rope,  for  if  d  is  the  distance  from  the  return  sheave 
to  the  bottom  of  the  shaft,  and  «  is  the  number  of  cars  on 

the  main  rope,  —  must  be  equal  to  the  distance  the  cars  are 
apart. 

Example. — It  is  intended  that  the  output  of  a  mine  shall  be  8.000 
tons  of  coal  per  daj-.  The  length  of  the  road  from  the  return  wheel  lo 
the  shaft  is  0,6()0  feet,  the  amount  of  coal  a  car  carries  is  1  ton,  the 
velocity  (if  the  roi>e  is  .1  miles  an  hour,  and  the  time  of  one  day  is 
10  hours.  If  till;  mean  time  of  running,  when  allowance  is  made  for 
stoppages,  is  Wt  ]>er  cent,  of  the  given  working  day,  what  will  be  the 
number  of  lo.idcd  cars  on  the  main  haulage-band,  and  what  will  be 
their  distances  apart.  t!ie  weights  being  given  in  long  tons? 

SoLVTioN.—  ()  =  3.240  X  3.000  :=  fi.  720,000  lb.;  c  =  3,S40  lb. ;  </ = 
6,(100  feet;  p  ^  .'i.SSO  X  H  X  10  X  «0  ^  143.560  ft.  Hence,  by  substi 
tuting  these  values  in  formula  207,  we  have 

Ho        U'i..»60  X  2,240 
the  averatio  number  of  cars  on  the  main-rope  band.     Ans. 
Fnmi  formiiia  2UH, 

the  mean  distance  the  loaded  cars  arc  set  apart  on  the  rope.     Ans. 
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2-400.  To  realize  the  meaning  ami  value  of  tlic  equa- 
tions in  the  Li-st.  trxaraple,  i-onsiikT  another  cxumpli:  similar 
to  the  last,  except  thai  the  leugtli  of  the  main  band,  or  what 
is  the  equivalent  of  that,  thelenRlh  of  the  main  h.'nilap<?-r'>a(l, 
ischatiged.  I'ntler  such  condttinns  il  will  be  ffniml  that, 
although  the  length  of  the  band  is  Khnrtened  and  the  num- 
ber uf  cars  on  it  is  le»s.  the  distance  they  are  apart  is  the 
umc. 

CxAMrLK. — Suppose  that  In  ihc  example  siveii  In  Art.  Z40S  the 
kngth  o*  the  r"U(l  from  the  return  whei-l  to  the  nhalt  was  II.JHK)  feel, 
itntead  of  (t.ilOti  (i-vt.  «rlut  nould  Ite  Iht-  rtunibrr  ti(  tiiiuli-iJ  car»  va  ibc 
noin  haulagc-tuiHl.  an<!  ht>«-  inr  .-i|Niri  uould  thcjr  be  placed  7 

SoLVTioK. — Applying  formiita  207.  wc  have 


<?*/    o.7ao."«>  >;  ».aoo 


=  M.4I4  =: 


kveragc  numhtrof  carK  nti  thn  mnin-rnpc  band.     Aot. 
Abo,  bf  applylDg  (armula  20H,  wc  have 
3.901) 


_rf 


=  47.  »*  ft.  = 


the  dbtance  the  luaded  c^rn  are  ajKiri^un  the  r>i|)c  An& 
Prom  the  above  example,  it  is  filain  that,  by  halving  *.he 
ktri^th  J.  thr  niimWraf  cars  on  the  rape  is  halved,  and  yet 
the  distance  the  cars  arc  ai)art  remains  the  same.  From 
Ibtt*  facts  an  important  p<iint  in  learned ;  thai  is,  that  if 
WW  of  the  factors  are  nltered  but  the  length,  a  long  band 
<ldtirers  as  many  cars  at  the  hoisting-shaft  as  a  short  one. 
Thjt  is,  if  lite  cars  arc  set  at  the  same  distances  apart  on 
iHerope,  and  the  vcloriiy  remains  the  same,  the  output  13 
'life  for  all  di-slanccs.  This  principle  of  action  i*  the  same. 
b'«tvcr,  in  relation  to  gravity -planes,  cnginc-planes,  and 
lain  and  tail  rope  haid-igcs;  for  if  the  lengths  of  the  trains 
•■imade  proponioiial  to  the  leiiglhs  of  the  haidage  roads, 
tftffi  with  the  same  \Tlo<^'ily  cfjual  weights  are  haidcd  to  the 
iluft  in  equal  times.  Consequently,  when  the  length  of  the 
tt'llcsi-rope  hnidagc  is  doubled,  and  the  number  of  cars  on 
the  band  \s  doubled,  and  where  the  length  of  a  main  and 
till  rope  haulage  is  doubled,  .and  the  number  tif  ears  in  a 
tian  are  doubled,  if  the  velocity  remains  the  same,  the  out- 
V<R«ill  be  the  same  in  e<iual  times  in  c-irh  case. 


I 
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2407.  The  Wclffht!!  nf  lluuloKc-Uopett  In  Kcla- 
tlan  to  Their  VclncillcM. — /-or  eifual  outputs  in  equai 
timts,  the  weights  vf  the  haulagc-rcpcs  vary  inversely  as  ibc 
velocities.  For  txaniplc.  when  ihc  velocity  is  doubled,  the 
weight  of  the  rope  is  halved,  for  two  reasons:  (I)  the  safe 
working  loads  of  ropes  vary  directly  as  their  wei);hts;  \^l)^% 
the  velocity  of  a  rope  increases,  the  load  on  it  is  reduced;  that 
is,  when  equal  ainuunts  of  work  arc  done  in  equal  limcs. 

Let  /  =  the  load  or  tension  in  the  rope; 
f  =  the  velocity; 
u  ■=  the  units  of  vrork  done. 

Then  V=lv.  (209.) 

ExAkn-i-E. — In  one  case  a  tension  of  4,000  pounds  on  a  tiaulaRe-rop? 
is  rcquirt-il  li>  move  :i  truiii  ii(  2ii  Inuded  cars  M-Ilh  a  vel(H-ity  of  30  miles 
an  hour,  und  in  uiiotht-r  va»i:  a.  u-naion  of  E^.WK)  |muii(1s  is  rc<|uircd  to 
movtr  'VI  liiiulrit  i.:ir<<i  niili  .i  vcIiHity  of  lO  niili-^  an  liotir.  TruvL*  that  if 
the  diameitT  of  the  rope  thai  hauls  n-iih  a  velocity  of  30  mile*  an  hour 
is  1  inch,  ihc  diameter  of  ihc  rojic  that  hauls  with  a  velocity  of  lOmlka 
an  hour  mxaX  tidt  lie  less  ihan  1.414  liicbeii. 

SoLL-TioN.—  4,000  X  SO  =  8,000  X  10;  tbercfore,  V  in  one  cue  b 
ec|ual  to  ih:tt  of  the  uihrr 

Again,  as  (he  tendon  on  ti  rop«  is  equal  lu  the  loud,  and  us  the  »a(e 
working  Iwiil  of  a  rope  varies  em  its  Irnn^vcrsr  or  sectional  area  or  Its 
weight  per  unit  of  len^ilt,  li  follows  that  the  diameters  of  roprc  will 
vary  as  the  square  ruots  of  the  Io&d»  ur  sectional  areas.  Then,  if  the 
{li;iinetfr  »(  ihc  n>E>e  for  i\  load  of  4.0(MI  iK>ui)dH  la  1  Inch,  the  diamettt 
oE  the  rope  for  a  load  of  V.tUO  pounds  will  be 

This  means,  at^u,  that  if  equal  weights  of  coal  are  hauled 
in  different  numbers  of  trips  thn>ugh  equal  distances  in 
equal  times,  the  diamelers  of  the  ropes  vary  inversely  a.s 
the  square  roots  of  the  nuinbersof  trips.  To  make  this 
clear,  suppose  one  engine  A  hauls  out  four  trips  while  an> 
other  B  hauls  out  one,  and  that  in  10  hours  they  both  haul 
out  1,0W  tons  tlirough  a  distance  of  5,000  feet;  then  the 
tension  on  the  A  rope  is  only  one-fourth  of  that  on  the  B 
rope,  because  /I's  load  is  only  \  that  of  A"s.  Therefore,  the 
diameter  of  A'%  rope  requires  to  be  only  ^  that  of  B\  be- 
cauKC  v'7=  .ft. 
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2408*     Prom  the  conclusions  here  arrived  at,  it  might 
be  considered  that  fast  running  would  secure  considerable 
economy  in  hauling,  for  not  only  would  the  traction  due  to 
the  friction  of  a  heavy  rope  be  reduced  by  hauling  with  one 
of  much  less  weight,  but  first  cost  of  ropes  would  be  much 
reduced.     But  such  is  not  the  case,  because  another  factor 
of  stress  is  introduced  by  high  speeds  that  is  hardly  felt  in 
low  ones.     For  example,  when  an  endless-rope  haulage  is 
done  with  a  velocity  of  even  four  miles  an  hour,  the  ropes 
soon  become  kinked,  flattened,  and  permanently  injured  by 
the  grips.     To  start  a  heavy  car  from  a  state  of  rest,  and 
give  it  a  velocity  of  4  miles  an  hour,  greatly  strains  the  rope; 
therefore,  for  this  velocity,  ropes  must  be  made  larger  than 
those  required  for  the  stress  due  to  ordinary  traction.    Some 
idea  of  this  stress  may  be  obtained  by  noticing  that  it  varies 
as  the  square  of  the  velocity.     The  stress  due  to  starting  a 
car  in  motion  at  4   miles  an   hour   is  equal  to  the  square 
o£  4,  or  16,  as  contrasted  with  the  stress  due  to  starting  one 
with  a  velocity  of  3  miles  an  hour,  which  is  equal  to  3'  =  9. 
To  further  show  the  importance  of  this  stress,  let  an  endless- 
rope  haulage  be  run  at  6  miles  an  hour ;  for  this  speed,  the 
number  of  cars  on  the  rope  in  a  given  distance  would  be 
half  the  number  required  to  be  put  on  a  rope  moving  with  a 
velocity  of  3  miles  an  hour.     Then,  from  this  point  of  view, 
'he  diameter  of  the  rope  subject  to  half  the  former  load 
»ould  for  a    velocity  of  6    miles  an  hour   be   reduced   to 
fj=  .707  of  its  original  diameter. 

On  the  other  hand,  the  stress  due  to  setting  the  cars 
suddenly  in  motion  on  a  6-mile  velocity,  as  contrasted  with 
a3-mtle  velocity,  would  be  as  the  squares  of  the  velocities; 
consequently,  if  the  diameter  of  a  rope  for  a  ^-mile  veloc- 
ity were   one   inch,  that   for  a   {!-mile  velocity    would    be 

-X  sr  =  2.828  inches,  assuming  that  the  tension  on  the 
0       3 

rope  due  to  traction  is  equivalent  to  the  energy  required 
to  suddenly  set  a  car  in  motion  from  a  state  of  rest  to  that 
of  a  velocity  of  3  miles  an  hour. 
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2409.     From  what  bas  been  shuwn,  it  is  evident  that 
the  velocity  at  which  the  cars  should  nin  on  an  tndless-rope 
haulage  requires  uatculatinn.     For  example,   i!  aii  endlew 
rope  has  a  velocity  of  i  miles  an.  hour,  the  damage  done  to 
the  ropes  by  the  grips  is  very  serious;  but  there  arc  other 
troubles  that  require  notice.     In  the  first  case,  it  is  not  safe 
for  a  person  who  is  inspecting  the  road  to  cross  a  doubt© 
track  of  this  character.     Ajjai",  the  cars  leave  the  rope  at 
too  high  a  velocity,  and  are,  tiierefnre,  not  sufficiently  under 
control  at  the  period  when  they  are  detached.     The  best 
results  of  the  endless-rope  haulaye  arc  obtained  wlih  a  vc1<jc- 
ity  not  txcccdiuK  2  miles  an  hour;  for  then  persons  having 
to  work  on  the  tracks,  such  as  viHng  the  rollers,  inspect- 
ing the   roof,  sides,  and  timber,  and  doing   the  necessary 
inspection  and  repairs  of  rails,  ties,  etc.,  are  able  to  lake 
care  of  themselves.     This  is  an  important  matter,  for  great 
delay  and  expense  is  saved  by  proper  inspection  and  repairs. 
It  is  true  that  a  veluciiy  of  3  miles  an  hour  necessitates  tbe 
use  of  heavier  rvjpes  (or  traction;  hut  the  damage  to  ropes 
produced  by  the  car-grips  is  reduced  to  a  niininium,  and, 
indeed,  becomes  so  small  a  matter  that  in  practice  its  con- 
sideration may  he  neglected. 


241 0.  These  remarks  refer  to  underground  haulage, 
but  on  the  surface  a  velocity  of  :\  miles  an  hour  may  be  iin-ii 
wilhgood  results.  This  velocity  should  never  be  exceedcil  on 
a  typical  rndlcss-ropc  haulage,  even  on  the  surface.  Rim- 
ning  trains  of  a  number  t.f  cars  together  with  endless  rope 
is  not  worthy  of  much  consideration;  for  if  the  student  con- 
siders the  heavy  weights  being  suddenly  jerked  into  mntion 
by  the  rope,  he  will  have  some  idcaof  the  great  destructionof 
ropes  that  must  arise  from  an  inert  resistance  of  this  character. 

241 1.  In  the  English  mines,  the  endles.s  ropes  generally 
lie  on  the  tops  of  the  car.s.  railed  tubs;  in  the  United  State*, 
the  ropes  generally  lie  under  the  cars,  and,  in  cases  where 
this  system  of  haulage  is  modified  for  hauling  groups  of  cars 
in  trains,  the  ropes  are  sometimes  gripped  to  the  sides  of 
(he  cars. 
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2412.  Tennltia  on  tbe  Rnpvn  and  the  HorHc. 
powers  uf  Endlc)u*-Ri>pc  llaulnacM. 

Let  IKs  the  weight  of  the  loaded  can  oi\  one  side  ot  a  rnpe 
band; 
»,  =  the  weight  of  Ihc  empty  cars  on  the  ingoing  &ide 

uf  a  rope  band ; 
a*  =  the  weight  of  a  rope  tund; 
f  =  -jV  =  the  coefficient  of  friction; 
a  ■=  the  mean  grade  per  cent. ; 
T=  the  tension  in  the  rope  in  pounds. 

The  following  expression  is  the  equivalent  of  the  tension 
Wthc  baul'Out  side  of  the  rope,  and  it  is  true  for  the  same 
tide  of  all  the  bands  in  ibe  series: 

Observe  that  the  weights  of  the  cars  carrying  the  roal  are 
Itlanced  by  the  weights  of  the  empty  cars.  Again,  the 
*cight  of  the  rope  on  one  side  of  the  bant!  is  balanced  by 
toe  r»pc  on  the  other  side  of  it,  and,  therefore,  the  only 
■nght  that  develops  a  gravity  force  is  that  of  the  coal; 
'teacc,  in  equation  210*  «  ("'—  '*',)  represents  the  gravity 
force. 

SxAMPLB. — The  track  of  a  tiinsl«  endlttss-nijie  hAulage-baiid  U 
1  utile  in  IcnKth,  and  the  rope  hnuls  out  XW  long  Ions  of  oial  in 
lOhoun.  The  cars  carry  1  linig  tun  of  cual,  naA  an  emjily  v^r  wHjchs 
l.ilO  pnoods.  The  velocity  of  the  rnpc  is  9  miles  An  hour,  and  the 
»»  of  the  n>po  is  such  that  it  wciKhs  S  poundii  per  i'>r.\  vt  length. 
iTui  ia  the  tension  on  the  rope  and  the  horsepower  o(  the  hauling- 
cqjioe,  tuppnuing  the  mean  gnde  nf  the  rind  v>  be  level  ? 

Soil'-TKiN.—  <>,  ih«  oulpul.  =  KOOxS.iiO  =  I,7B3.nno  Ih, ;  a.  the 
height  of  coal  carried  by  one  car,  =2.d-t0  Hi.;  J.  llie  lcn(;lh  w(  ihe 
inde.  •=  5.891)  *t. ;  /I  tht,-  travel  of  the  rope  in  IWix-rccnt.  o£  10  hours.  = 
UWX  8  X  10  X  -90  <i^  V,.otO. 

Applylne  formula  207, 


O^      1,792.000  X  S.SM 


Ov-ir-.  = 


JTfi~  "65,Mlt  X  S,£4a 


=  44.44,  the  nuinber  of  loaded  «u» 


ir=44Ux4.«>0  =  177.Tm  lb.;    a/,  =44.44  x  1.700  =  78.814.4  lb; 
ri  ■•=  9.180  X  ax  3  =».]2(>  lb. 
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Applying;  formula  210, 

{  Wh-  Tf,  +  a.)                                (177.760  +  7B.214.4  +  21.120)  _^  -  _ 
r  =  ^ +  a  (  fV-  Wi)  =  — —40 +  "  - 

6,927.36  lb.,  the  tension  required.     Ans. 

Observe  that  the  expression  a^lV—iv,)  becomes  0  in  this  caae. 
because  the  road  is  level,  which  makes  a  =  0. 

Again,  the  horsepower  can  be  found  as  follows: 

V,  the  velocity  in  feet  per  minute  =    '       =  176  ft. 

Substituting  in  formula  202, 

--^=^^^iS^— •'■■  -- 

Example.— Let  the  given  values  be  the  same  as  in  the  previous 
example,  except  that  the  road  has  a  mean  up  grade  to  the  shaft  o( 
2  per  cent.  The  tension  on  the  rope  and  the  horsepower  of  the  haulage- 
engine  is  required. 

Solution. — Applying  formula  210, 

(177,760  +  78.^4.4  ^  21.120)  ^  ^  ^^^^^^^  _  ^^^^^^^^  ^  ^^^^^  ^    - 

the  tension  required.     Ans. 

Applying  formula  202, 

T2'      .  8.918.27x176  _  _ 

■'' -  SMOO  --  33,000  -  ^^-^  "■  ^-  - 

the  horsepower  required.     Ans. 

ExAMPLK. — Let  all  the  values  be  the  same  as  in  the  first  example, 
except  that  the  road  is  down  grade  to  the  shaft  at  the  rate  of  2  per 
cent.     Find  the  tension  on  the  rope  and  the  horsepower  of  the  engine- 

Solution. — Applying  formula  210, 

{177.T60:t78^14,4_^..12_0)  _  _^^  ^^.^  ,.^  _  ^^  „^^^^  ^  ^^^^  ^^  ^ 

the  tension  required.     Ans. 

Here  the  gravity  force  a  {IV—  tc)  is  minus,  because  it  acts  towards  the 
engine. 

Applying  formula  203, 

Tv  4.!t:ili..|.-ixl7«  _op.,.,„    T>      , 

ilTfOOa  ~         ;i:i,"i)i)  '      "  ~  "         "■  i  -.  iiie  required  horsepower, 

Ans. 

EXAMPLK.— All   tlie   vjiUk-s   fur  a   main    h^iiilaKc-rupe   band   are  the 

same  as  those  given  in  I'.w  first  t;xami>k-.  anil,  like  it.  the  track  is  level, 

and.  therefore,  the  tension  due  to  that  rope  alone  is  the  same  as  fijBt 
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bm).  BVTKly.  «.9a7.38  pounds.  Two  districts  bards  j-1  and  S,  how- 
•nr,  deliver  in  ihc  prvseiil  caac  to  the  oiMii  bandi  the  btttiil  jl  baub 
BUI.  iJong  a  track  "6»  feet  long,  |  of  the  800  tons.  ThU  road  ha*  an 
ttpgnd«  to  the  main  ro*d  of  S  per  cent.  Th<  hnrd  //  haulfi  oul  |  ot 
IhtMO  tonn,  alimic  a  niad  S,3I'J  f<xt  in  Icnjicth,  with  a  ilnwn  grade  to 
ibcnuia  baulago-band  of  4  per  cent.  What  is  the  tension  in  the -4 
iKi  £  rapes?  What  is  the  tatnl  tcneioQ  on  the  main  rope  ?  What  Is 
llic  [cqiiired  borw:pi>wi:r  tfi  do  ilic  liuabKt?,  if  the  miK!  on  tlic  band  A 
n^te  X$  lb.  per  foM,  and  tha  rope  on  the  band  ff  weighs  1.S  lb.? 

JsoLi'TroH. — First  find  Ifae  numbrr  of  loaded  cars  un  the  j4  band. 

0  =  8«)X  I  xa.a40  =  718.800  lU;*/-76»  It.,  and  J^  =  &.Smx9X 
lex.M^Ki.tMOfi. 

Af{)(rlii£  formula  207, 

_0J  _  7ia.8WX'M9  _ 
"  ~  7»ir  ~  95.040  X  a.940  ~ 
3.S89  =  the  number  of  loaded  cars  on  the  band  A. 

TQlind  the  tension  in  this  rope,  formula  2IO  is  applied. 

IK=4,«»  X  2-MW  =  lO.ffiH  lb.;  «',  =  1,760  x  S.5KU  =  4,&5«.H  lb. ;  and 
*aT«  )C  2  X  -M  =  1.8&&44  lb. 

(It'+t*',  +«•> 


Thoi.  r= 


To 


■  tf  ( IV-  w.)  = 


i^^^5^ +  .03(10.858- 4.556.H)  =  Se0.53  lb,. 


ST 
^  tmmn  in  the  A  bond.    Ans. 

^fit.  ibc  number  of  loaded  cars  on  the  //  band  is  found  ^y  again 
^TRiK  f'lrmula  Z4I7.   In  UiUcam.  O  =  iwn  y.  \  y.  Z.tW  =  1,075,300  lb. ; 

'^Miaft., and  /^sS.asoxaxiftx.iw- W.WOfl. 


The,^  .  =  ^  = 


o  d    i,o7A,9oo  X  a.sis 


=  11.4767  =  Uie  number  of  loaded 


2?tf~   w.(rtox"S^6~ 

«n  on  the  band  A. 
IV  icosloQ  in  thi^  bnnil  is  also  found  by  formula  2IO, 
^*'=ll.«7«7x<.00»^46,70«.BIb.;  w,  =  11.6767  X  1,7(50  =  80.6M.9e3 

Ih,  aid  9J  s:  9,313  x  d  x  Li  =  0,Mt<.R  lb. 


tbcn. 


r=f»lt^^tj;o_.cfK-»^.)= 


40 


gU.W0.W»  +  B.6«ft8)  __(4(4j  .n«  8  _  2i>.a50.M2l  =  T73.M, 


40 

Itclenfeiim  required  for  B.     Ana. 

Here  ihc  t^rdvity  factor  Is  minus  again,  because  it  works  with  the 
q^iMu  The  loul  tension  In  the  main  rope  i»  0.927.110  4-S80.a54- 
i»n.=  8,a81.Mlb.     Ana. 

PinalJy.  applylnft  formula  203, 

r 


^=_J^==«>li^>^iT»  =44.17. 
38,00(1  a:i,tJOO 

Uw  total  tiofB«pow«r  required  to  run  the  engine. 


An*. 
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2413.  Having  considered  the  different  methods  ol 
haulage,  wc  will  now  give  a  description  of  the  various  appli- 
ances more  or  less  common  to  all  of  tlie  alKsvc  sysicm^ 
and  which  have  not  already  been  considered  in  detail. 

2414.  The  wire  rope  used  in  mine  haulagu  is  usually 
made  of  sir  strands  of  iron  or  slcol  wires  laid  around  a  cen- 
tral core  of  ht.'inp.  Each  of  these  strands  is  made  u[i  of 
either  7  or  10  wires,  and,  therefore,  a  wire  rope  is  made  up 
of  either  4%  ur  114  wires,  llic  final  size  of  the  rope  dci>ciMl- 
irig  ii[ion  the  siscof  tlic  wire  i.setl.  It  is  evident  that  a  one- 
inch  rope  containing  4^  wires  must  be  made  of  larger  wires 
than  a  one-inch  rope  containing  114  wirei--.  The  foriwr 
rope,  on  acromu  of  the  larger  size  of  the  individual  wires,  is 
well  adapted  to  service  involving  murh  wciir;  while  the  laltcr 
rope,  being  made  of  smaller  wires,  is  more  pliable,  and  is 
thus  adapted  to  service  in  which  the  rope  is  required  to  do 
much  bending.  Thus,  in  the  tail-ro{»e  system,  the  main  rope 
ha*  7  wires  to  the  strand,  and  the  tail-rope  1*J  wires  to  liic 
Strand.  Ropes  are  made  with  either  a  short  or  a  long  twistu 
according  to  the  ukc  for  which  they  arc  intended.  Ropes 
vithalong  twist  work s.-noolh]y over  the  rollers  and  sheaves 
and  stretch  but  little,  thus  adapting  them  for  tail-ropes. 
The  short  twisted  rope  is  mui-h  more  elastic,  and  should  be 
used  where  the  rope  is  liable  to  sudden  jerks,  as  in  the  lase 
of  main  ropes  on  engine  and  tail-rope  planes.  The  short 
twisted  rope  in  such  a  case  acts  as  a  a)rt  of  a  spring,  and 
stands  without  injury  a  shoc-k  which  would  break  the  mort 
rigid  long  twisted  roi>cs.  The  lay  of  the  wire  is  generallyop- 
posite  to  the  lay  of  the  strands,  although  a  Tope  has 
recently  introduced  with  tlic  lay  of  both  strands  and 
in  the  same  direction. 

2415.  A  style  of  ro|»e  known  as  Incked-wire  rope  h» 
bcctt  iotroduced  Ij)*  »ome  manufacturers.     This  rope  has  a 


23 


MINE  HAULAGE. 


Ill 


smooth  surface  approaching  that  of  a  round  bar,  in  conse- 
quence of  which  it  wears  longer  than  the  ordinary  ropes,  and, 
besides,  does  not  wear  out  so  quickly  the  wheels  over  which 
it  is  led;  it  also  has  a  greater  strength  than  the  ordinary 
wire  ropes,  but  has  one  disadvantage,  in  that  it  can  not  be 
spliced. 

2416.  The  strength  of  the  ordinary  wire  rope  is  about 
75<  of  the  strength  of  the  individual  wires  composing  it,  the 
wire  losing  about  26ji  by  bending.  The  working  strength 
of  a  wire  rope  may  be  taken  at  from  one-fifth  to  one-seventh 
the  breaking  strength. 

241 7.  Tables  40  and  47  give  the  diameters,  weights,  and 
breaking  loads  of  iron  and  steel  wire  ropes  of  six  strands 
lound  around  a  hemp  center,  having  19  and  7  wires  to  the 
strand. 

TABLE    46. 
niOX  AND  STBBI.  WIMB  ROPBS,  IB  WIRES  TO  THE  STRAND. 


Diameler 

Weight  in 
Lb.  per  Ft. 

Breaking  Load  in  Tons  of  3,000  Lb. 

in  Inches. 

Iron. 

Cast  Steel. 

Plow  Steel. 

i 

0.35 

3.48 

7.00 

10.00 

A 

0.44 

4.27 

0.00 

13.00 

ft 

O.CO 

5.13 

12.00 

Ift.OO 

} 

0.83 

8. 04 

18.0(t 

27.00 

} 

1.20 

11.50 

25.00 

37.00 

1 

1,58 

IG.OO 

3:1.00 

47.0(1 

14 

2.0O 

20.00 

42.00 

110. 00 

11 

2.50 

27,00 

J2.00 

75.00 

If 

3.00 

33.00 

03.00 

00.00 

H 

3.65 

30.00 

77,00 

110.00 

13 

4.10 

44.00 

8(;.oo 

123.00 

li 

5.25 

54.00 

100.00 

157.00 

2 

6.30 

05.00 

125.00 

189.00 
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TABLE   47. 
IBOK  Aim  STBBL  WIRB  BOPBS,  7  WIRES  TO  THB  BTRAND. 


DUmeter 

Weight  in 

Breaking  Load  in  Tons  of  2,000  Lb. 

In  Inches. 

Lb.  per  Ft 

Iron. 

Cast  Steel. 

Plow  Steel. 

4 

0.31 

2.83 

6.00 

9.00 

A 

0.41 

4.10 

8.00 

12.00 

ft 

0.67 

S.80 

11.00 

16.00 

H 

0.70 

7.60 

14.00 

21.00 

i 

0.88 

8.80 

17.00 

25.00 

i 

1.13 

12.30 

22.00 

33.00 

1 

1.50 

16.00 

30.00 

45.00 

U 

1.82 

20.00 

36.00 

li 

2.28 

25.00 

44.00 

11 

2.77 

30.00 

52.00 

u 

3.37 

36.00 

62.00 

2418.  The  durability  of  a  wire  rope  depends  very 
largely  on  the  diameter  of  the  drum  or  sheave  over  which 
it  is  wound.  When  a  rope  is  bent  around  a  drum,  t  he  outer 
strands  must  be  in  tension  and  the  inner  strands  in  com- 
pression. This  tension,  due  to  bending  the  rope  around  the 
drum,  added  to  the  tension  to  which  the  rope  is  already 
subjected  on  account  of  the  load,  gives  the  total  tension  on 
the  part  of  the  rope  passing  around  the  drum.  This  total 
tension  must  not  exceed  the  elastic  limit  of  the  material' 
composing  the  wires.  //  is  just  as  tictrbnetital  to  the  rope 
if  it  be  bent  partly  around  the  drttm  or  skeaz'e  as  tliougk  bent 
completely  around  it. 

2419.  From  the  nature  of  the  rope,  it  is  evident  that 
the  diameter  of  the  drum  or  sheave  does  not  depend  upon 
the  diameter  of  the  rope,  but  only  upon  the  diameter  of  the 
wires  of  which  it  is  made;  and  we  may,  therefore,  calculate 
the  size  of  the  drum  which  would  be  safe  for  a  single  wire- 
It  may  be  stated,  as  a  general  rule,  tluit  the  diameter  of 
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tke drum  en  wAich  a  n-jv  voniatHtHg  ifi  wirrs  to  the  siramt 
is  to  be  v.'ottnd  sfuntld  not  he  less  than  tH>  times  the  diauitliT 
cf  the  ro/'e,  and  one  en  U'hich  a  rofc  eenlaimng  seven  wins 
t»  the  strand  is  to  be  tuotind  should  mU  be  less  than  ini)  times 
the  diameter  of  the  rope. 

It  is,  of  course,  preferable  to  use,  if  possible,  a  drum 
larger  than  given  by  the  above  rule.  Circumstances  niaj 
rentier  it  necessary  to  use  a  drum  smaller  than  given 
above,  but  smaller  drums  can  only  be  used  at  the  cxpenso 
of  the  roi>c, 

2420.  Tu  BpllcG  a  Wire  Rope— The  length  uf  the 
splice  dependii  upon  Ibe  sise  of  the  rope.  The  Urger  ropes 
require  the  longer  splices.  The  splice  of  ropes  from  \  inch 
to  \  inch  in  diameter  should  not  be  less  than  20  feet;  from 
\  inch  to  1^  inches,  ,10  feet,  and  from  \\  inches  up,  40  feet. 
In  Fig.  ftT6  arc  (riven  a  number  of  illustrations  showin)^  the 
manner  of  splicin](  a  wire  rupc.  To  spHce  a  wire  rope, 
proceed  as  follows: 

Suppose  it  is  desired  to  splice  a  rope  \  inch  in  diameter. 

The  length  of  the  splice  for  this  size  rope  is,  asabove  given, 

SO  feet.     Tie  each  end  of  the  rape  with  a  piece  of  cord  at  a 

tlistanrc  equal  to  one-half  the  length  of  the  splice,  or  ten 

feet  back  from  the  end,  after  whit^h  unlay  each  end  as  far 

as  the  cord.     Then,  cut  out  the  hemp  center,  and  bring  the 

two  eodii  f^ether  as  close  as  possible,  placing  the  strands 

of  the  one  end  between  thnsc  of  the  other,  as  shown  in  Fig. 

874  A,  in  which  k  and  li'  are  the  cords  tied  around  the  rope 

ends  .Vand  M'  respectively,  at  a  distance  of  ten  feet  from 

each  end.     Now  remove  the  cord  k  from  the  end  ,1/of  the 

Topc,  and  unlay  anystrand,  as  ti,  and  follow  it  up  with  the 

strand  of  the  other  end  M'  of  the  rope  which  corresponds 

toil,  a«rt'-  that  is,  a  is  unwound,  leaving  a  channel  in  which 

a*  i»  Wound.     About  six  inches  of  d' are  left  out,  and  a  Is 

cat  off  about  six  inches  from  the    rope,  thus  leaving  two 

Aoft  ends,  as  shown  at  P\v\  Fig.  ft"!!  l^,  which  must  be  lied 

(or  the  present  by  cord»,  as  shown.    The  cord  ^should  again 

be  wound  around  llic  end  M  of  the  rope.  Fig.  870  A.  to 

prevent  the  unraveling  of  the  strands;  after  which  remove 
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the  cord  l^  on  the  other  or  M'  end  of  the  rope,  and  unlay 
the  strand  i>\  follow  it  up,  as  above,  with  the  strand  b',  leav- 
ing the  ends  out,  and  lying  them  down  for  the  present,,  as 
before  described  in  the  case  of  :«trands  a  and  a'  (see  Qy  Fig. 
87fli?);  also,  replace  the  cord  J^',  for  the  same  purpose  as 
Slated  above.  Now  again  remove  the  cord  k,  and  unlny  the 
next  strand,  OAt,  Fig  870  A^  and  follow  it  up  with  t^,  stop- 
ping, however,  this  time  within  four  feet  of  the  first  set. 
Continue  this  operation  with  the  rumaining  six  strands, 
stopping  four  feet  short  of  the  preceding  set  each  time. 
We  have  now  the  strands  in  thcii"  proper  places,  with  the 
ends  passing  each  other  at  intervals  of  fuur  feet,  as  shown 
in  Fig.  Hit!  C.  These  ends  must  now  be  disposed  of  bjr 
increasing  the  size  of  the  rope.  Clamp  the  rope  in  a  vise  at 
the  left  of  the  strands  a  and  a\  Fig.  87C  C,  and  fasten  a 
clamp  to  the  rope  at  the  right  of  these  strands;  then  remove 
the  cnnls  tied  around  the  lopc  which  hiild  these  two  strands 
down;  after  which  turn  the  d.^mpin  the  opposite  direction 
to  which  the  rope  is  twisted,  thereby  untwisting  the  rojw, 
as  shown  in  Fig.  ft.l}  /'.  The  rope  should  be  untwisted 
enough  to  allow  it*  hemp  core  to  be  pulled  out  with  a  pair 
of  nippers.  Cut  off  twelve  inches  of  the  hemp  core,  six 
inches  at  each  side  from  the  point  of  intersection  of  the 
strands  rt  and  a',  and  push  the  ends  of  the  strands  in  its 
place,  as  shown  in  Fig.  MT(1  /A  Then  allow  the  rope  to 
twist  up  to  its  natural  shape,  and  remove  the  clamps.  After 
the  rope  has  been  allowed  to  twist  up,  the  sirandstucked  in 
generally  bulge  out  somewhat.  This  bulging  may  be  re- 
duced by  lightly  tapping  the  bulged  part  of  the  strands  with 
a  wooden  mallet,  which  will  f<>rce  ihcir  ends  farther  into 
the  ro|K'.  Proceed  in  the  same  manner  to  tuck  in  the  other 
ends  of  the  strands. 

242 1 .  PrvMcrvIng  >n>'lrc  Rope. — It  is  highlyesscntul 
that  wire  ropes  be  oiled,  so  as  to  keep  them  free  from  rust- 
ing, as  on  this  depends  in  a  great  measure  the  life  of  the 
ropes.  The  oil  best  suited  is  that  which  is  free  from  acid, 
and  which  will  not  gum  or  harden,  Oil  which  hardens 
greases  the  outer  wires  very  well,  but  forms  a  scale  around 
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them  through  which  the  liquid  oil  ran  nnt  pass  to  the  innrr 
•ire*,  which  therefore  g(j  on  rusting.     Raw  lin^ccd-oil  lias 
been  fouod  to  b«  qm  of  the  l>c:«t  oils  (or  this  purpose,  al- 
though a  mixture  of  vegctahle  tar  and  raw  liiisced-oil  is  cx- 
tuuttvcly  used.     Kither  nf  th^se  may  he  applied  t»  the  rope 
liysaturating  the  woolly  side  of  a  piece  of  sheepskin.     It  is 
well,  before  applying  frc-sh  oil  to  the  rnpr.  to  first  clcin  off 
tbc<>l(1  by  running  the  roiic  Ix-twccn  brushes.     Whm  the 
n)f>c  is  endless  and  has  a  continuous  motion,  as  in  the  caKc 
of  iheendless-fope  haulage  ny«teins,  a  different  method  may 
be  [larsued.      In  this  ca.«e,  the  rojie  may  he  greased  by  allow- 
ing the  oil,  which  has  been  placed  in  a  Iwrrel  supplied  with 
KMck,  to  drip  on  it  as  it  leaves  the  engine-room  on  its  out- 
^vi  passage.  

THE   KOA[>Ui:i>. 

2422.  The  roadbed  for  a.  haulage  system  is  made  in 
?f*;lically  the  f^mc  numneras  for  ordinary  railroads.  The 
uiiss-tita  are  generally  (jf  wtKtd,  either  3  in.  x  5  in.  or  4  in.  X 
*'i.;  ihey  are  laid  frnm  18  to  30  inches  apart,  from  center 
'^center,  on  ihc  solid  lloi>r  of  the  roinu,  and  are  hallastctl. 
Trails,  weighing  from  10  to  40  lb,  jk-t  yard,  depending  upon 
'ke  ien-ite  required,  are  laid  from  :10  lo  48  inches  apart, 
'^'i*  wider  gauges  allow  heavier  and  wider  mine-cars  to  be 
"^  whde  the  narrow  gauges  permit  the  cars  lo  run  more 
**ity  around  the  curves.  The  rails  laid  on  slopes  should 
"tmroewhat  heavier  than  those  laid  on  the  level.  (Jtitters 
*«lcl  be  provided  ai  the  lowtr  side  of  the  roadbud,  to  allow 
"If  mine  water  to  flow  away,  and  not  destroy  the  ties, 
fwrvtsshcrtild  be  made  of  as  large  a  radius  as  possible,  and 
"is  Well  never  (<•  make  the  radius  less  than  3/i  feet.  The 
V*>SC  of  the  track  should  he  slightly  wider  aruund  the 
f""'"-,  and,  in  case  of  endless  or  tail  rope  haulage,  the  inside 
iiU)  lie  Klightly  elevated.  In  other  cases,  such  as 
'jcrc  tht-  empty  cars  are  run  by  gravity  at 
)utcr  rail  should  be  slightly  elevated, 
ibic  iirises  with  curves  on  the 
rope  system  of  haulage  iscm- 
tercised  in  giving  the  rails  on 
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A  curve  the  requisite  clwation  to  ntiiist  the  tentlcnry  of  the 
ropes  to  pull  the  ends  of  the  train  ytf  the  rails  at  the  eur\'c. 
the  train  will  fre(|U€ntly  be  derailed.  If,  however,  lh«  inm<!e 
rait  is  ni;ide  the  higher,  the  stress  due  to  the  inward  pull  of 
the  ropes  falls  on  the  tread  of  the  wheels  and  on  the  up[KT 
sides  of  the  rails.  On  the  oOier  hand,  if  the  rails  arc  equal 
in  height,  the  flanges  of  the  inside  wheels  arc  pulled  againtit 
the  inward  cdg'c  of  the  inside  rail,  and  then  the  least  jerk 
produced  at  a  joint  is  sufficient  to  derail  the  whole  train. 
When  a  curve  occurs  on  a  highly  inclined  portion  of  the  road 
of  a  main  and  tail  rope  haulage,  it  is  necessary  to  warn  the 
enpneer  to  keep  the  ropes  taut  when  rounding  ihe  curves,  or 
otherwise  the  high  rail  may  become  a  source  of  danger.  On 
the  roads  of  other  haulages,  however,  the  inside  rail  should 
not  be  raised  above  the  level  of  the  outside  r.nc  ;  for  on  an 
engine-plane  and  the  roads  of  a  self-acting  incline,  while  the 
elevation  of  the  inside  rail  would  provide  complete  security 
for  the  ascending  train,  it  would  be  a  sure  means  of  derailing 
a  descending  one.  Therefore,  in  these  case*  ii  is  better  to 
provide  a  guard-rail  set  within  the  rail  on  the  outside  of  the 
curve.  For  cur%-es  on  endless-rope  haulages,  a  guard-rail  is 
required  only  where  the  radius  of  the  curve  is  very  short  ; 
otherwise  ihey  arc  not  neuustiary,  since  the  running  velocity 
is  always  low. 


24^2C).  An  arrangement  called  a  covered  tube,  or  con- 
duit, which  may  be  used  at  points  where  a  haulage-nud 
crosses  highways,  to  enable  vehicles  to  pass  over  the  rope 
while  it  is  in  motion,  is  shown  in  Fig.  877.  It  consists  of 
twocastings^-I  and -^'of  the  form  shown,  which  constiluie 
the  sides  of  the  tube,  or  conduit,  and  which  are  riveted  to 
ordinary  I  beams  Ji.  Over  these  castings  are  placed  two 
covers  C  and  C,  in  the  manner  shown  in  the  figure.  To 
strengthen  the  tube,  or  conduit,  the  braces /and /' arc  riv- 
eted to  it  and  to  the  eye-beams.  D  and  P'  are  projections 
riveted  to  the  castings  A  and  A',  respectively,  to  keep  the 
covcr.s  in  their  places.  The  legs  of  the  covers  C'and  C  are 
connected  by  links  .A' and  /:',  forming  a  toggle-joint;  these 
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links  are  joined  in  turn  to  a  rod  F,  which  is  connected, 
through  the  intervention  of  a  system  «f  levers,  to  a  hand- 
lever  placed  at  the  outside  of  the  track.  By  giving  an 
upward  movement  to  the  rod  F,  the  links  F  and  E'  are 
forced  apart,  in  consequence  of  which  they  cause  the  covers 
Cand  C  to  take  the  position  shown  by  the  dotted  lines.     It 


Ckj.  P7 

is  well  to  construct  the  conduit  in  such  a  manner  that  verti- 
cal lines  throu(;h  the  cL-nterof  gravity  of  each  cover  will  fall 
between  the  points  G  and  C,  respectively,  when  the  covers 
are  raiacd,  i,  e.,  in  the  position  shown  by  the  dotted  lines, 
since  the  covers  will  then  close  automat icaliy,  it  being  only 
ncee33ar>'  to  open  them. 

242^  Fig.  878  shows  the  conduit  in  position.  It  will 
be  seen  that  the  length  of  the  conduit  is  equal  to  the  width 
of  the  highway.  Since  the  cross-tics  can  nut  be  laid  at  this 
point,  short  rails  M  atvX  Af,  having  a  length  equal  to  that  of 
the  conduit,  are  used.  Tliey  are  riveted  at  their  ends  to 
chairs  Pnnd  P',  which  in  turn  arc  riveted  to  the  eye-beams 
B.  This  construction  can  be  built  complete  in  the  shop, 
and  put  in  place  as  shown  in  the  figure.     The  ends  of  the 


arc  alwnys  closed  when  no  train  is  to  pass,  and  thus  allow 
vehicles  to  run  across  the  ruadbt-d.  When  a  car  comes 
along,  the  hand-lever  A  located  at  the  side  of  the  track  is 
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ptillcd  to  the  right,  thereby  cauKin^  the  covcrsof  the  conduit 
to  open,  as  before  explained,  and  allowing  the  train  to  piiss,) 
;r  vhich  the  covers  are  again  c](»«:d  by  the  hand-lever. 


TRACK    MATERIAI,S. 

2425.  Tn  find  the  weight  uf  one  mile  of  two  rails  in  tons 
of  3,240  pounds,  the  weight  in  pounds  per  yard  of  the  rail 
being  given  : 

Kulc. — Divide  fUe  uviglit  in  fwunds  per  yard  of  the  rail  by 
7,  and  multiply  tlw  quctietit  by  It. 

ExAMi'LK.— How  nianyf(r-^»  tuns  «f  rail*,  weighiog  WJ  IK   to  th« 
yard,  arc  required  for  one  mile  of  blngle  track  ? 
Solution. —    V  X  U  =  81J  tons.     An*. 

2426.  To  find  the  number  of  <;rnti>i*ties  required  fnronc 
mile  of  single-track  road,  the  distance  between  the  centers 
of  the  cr«SA-ties  lictng  given  : 

Rule.— /?f;'/i/p  a^SSO  {tkf  number  of  feet  in  a  mile)  by  the 
distanef  in  fret  bd'Metn  the  tttHers  of  the  cross-ties. 

ExAKfLB.— How  miiny  ennm-tin  arc  required  ft>r  layinic  ont:  mile  u( 
nngle.track  road,  if  i  he  cron-tiea  are  laid  St  inches  apart  f  rum  centtrr 

SftLrTtox—  31  luetics  reduced  m  Ce«t  a  1|  Teet.  Tlien,  5.3M  ■»■ 
I|^H.i>l7.  iicarl}-.    Ann. 

2-127.     The  spikes  ordinarily  used  for  spiking  different 

size  rails  to  the  eross-ties,  and  the  avcntgc  numberof  spiki^s 

contained  in  a  SOO-pound  ket;.  arc  given  in  the  following 

Ublc  : 

TABI'R    4H. 


Sise  of  Spike 

in  Inches. 


Vi'cigUt 
in  Piiuiultt 
|RT  Yard  of 
lUib  L'»ed. 


Avefiigc  Num- 

\kt  uf  SpikeH 

per  Keg  of 

200  Lb. 
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TRACK-ROLLERS,  OR   CARRVINCSHEAVBS. 

2428*  To  prevent  the  wire  rope  of  a  haulage  plant  from 
dragging  on  ihc  roadbed,  or,  when  the  plane  is  vcryconcave, 
to  prevent  it  frntn  coniinjf  in  contact  with  llie  roof,  rollei-M, 
or  cnrrylas-nheaveM,  arc  used.  These  arc  esAeiitial,  hinic 
otherwise,  were  the  rope  permitted  to  drag  on  the  ground,  a 
greater  forLc  would  be  required  to  move  it,  and,  liesidcs,  its 
life  would  be  shortened  considerably.  Rollers,  or  tarrying- 
aheaves,  are  made  either  of  wood  or  cast  iron. 
A  form  of  wooden  roller  extensivclj'  used  is 
shown  in  Fig,  8711,  which  consists  simply  of  a 
wooden  roller  Q  having  a  J-inch  or  J-inch  diam- 
clcr  wnmght-irnn  axle  /i  through  it.  The 
roller  is  held  In  place  by  The  bearings  A'  and  5, 
which  are  usually  nailed  to  the  cross-tics.  Or- 
dinarily these  bearingit  are  made  of  wood,  and 
are  of  such  length  that  they  rest  on  two  cru6>:- 
ties.  The  bearings  should  be  »o  located  in  the 
center  of  the  track  thai  the  rope  runs  near  one 
g  end  of  the  roller,  so  that  when  the  rollers  arc 
a  partly  worn  they  may  be  turned  end  for  end  or 
^  shifted  sideways,  so  that  the  rope  will  have  a  new 
surface  to  run  on.  Wooden  rollers  arc  also 
frequently  constructed  by  boring  a  hole  through 
the  center  of  the  roller,  and  then  driving  into 
each  end  a  short  length  of  J-inchor  J-inch  gas- 
pil»c.  which  acts  as  the  axle  of  the  roller. 
These  rollers  are  generally  made  of  maple,  gum, 
oak,  ash,  or  beechwood,  and  vary  in  diameter 
from  5  to  8  inches,  and  in  length  from  18  to  24 
inches.  The  life  of  such  rollers  varies  from  six  ^ 
to  eighteen  months.  ^M 

242i>.  In  Figs.  880  and  881  are  shown  the  common 
forms  of  cast-iron  rollers,  or  carrying  sheaves.  In  Fig.  880 
the  roller  consists  of  a  cylindrical  shell  about  j  inch  thick, 
having  a  flange  at  each  end,  as  shown,  to  prevent  the  rope 
from  being  shifted  ofT  the  rollers  sideways.     Instead  of  using'] 
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wnoden  hcarinB^s,  as  already  described,  iron  hearings  arc  used 
here.  Thcsf  Ujiirings  are  provided  wiih  caps  <t  aod  a,  which 
can  be  taken  off  when  y    t 

the  rollers  are  to  be  re- 
moved. The  journals 
at  the  shaft  are  smaller 
in  diameter  than  the 
shaft  proper,  so  as  to 
form  shoulders  on  it, 
in  order  to  prevent  the  rollers  from  moving  sidt-ways. 
These  rollers  are  generally  made  abuut  6  inches  in  diameter. 

2430<  In  Fig.  881  is  shown  another  form  of  cast-iron 
roller.  Here  the  cylindrical  shell  of  the  roller  Q  is  some- 
what tapered,  and  has  a  small  groove  in  Its  center,  in  which 
the  rope  runs.  The  roller  is  tapcrt-d,  so  that  the  rope  will 
always  slide  down  to  the  groove.  The  shell  Q  "^  th<=  roller 
is  fastened  tu  the  shaft  A'  by  means  of  the  arms  and  hub  S 
of  the  roller.  The  journals  /  of  the  shaft  arc  smaller  in 
diameter  than  the  remaining  part  of  it,  thus  forming 
ivhoutders.  and  preventing  the  rollers  from  moving  sideways. 
The  bearings  [/  and  C/atc  of  cast  iron,  of  the  form  shown  in 


Pio.  en. 

"the  figure,  having  such  a  width  that  they  may  rest  on  two 
cross-tics,  lo  which  they  are  generally  bolted.  The  bearings 
are  provided  with  a  receptacle  v,  in  which  oil  is  poured 
through  the  top  (by  removing  the  cap  H')  for  lubricating 
the  journals.  These  rollers,  or  carrying-sheaves,  are  gcner- 
ully  made  10  or  I'i  inches  in  diameter. 
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CNDItRGROLTNI)    IIAVXAGC-EKGINKS. 

2431.  Tlit-rc  arc  two  kinds  nf  liauling-t-iiyincs  in 
£or  niiuc  liaulugv,  kucIi  spccuilly  iittcd  ftirdiHercnt  cla.ssc!iuf 
work.  For  example,  enpnes  on  the  first  motion,  or  thos« 
connected  directly  to  the  dnim-sliaft,  are  best  adapted  for 
long  runs  and  level  roads;  on  Ihe  other  hand,  engines  on 
the  second  motion  dn  the  best  work  on  short  runs,  or  in 
hauling  Imulcfl  trains  up  steep  inclines  pitching  from  the 
shafts.  The  engine  and  drums  illustrated  by  Fig,  BiM  fur- 
nish an  example  of  an  enjfinc  on  the  second  motion.  Here" 
the  drums  are  seen  mounted  on  .i  heavy  shaft,  and  aregcar< 


Pic.  aa. 


to  the  engine  by  massive  spur-gears  and  pinions.  Thil 
arrangement  is  designed  for  main  and  tail  rope  haulage^ 
consequeiuly,  the  drtims  are  both  made  to  run  loose  on  tJ 
shaft  wlien  nut  required  for  hauling.  When  the  main-ro{ 
drum  is  re()uired  to  haul  out  a  train  of  cars  to  the  shaft,  it 
is  secured  to  the  spur-vrhcel  vrith  a.  friction-clutch,  or  otberi) 
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vise  the  pinion<wbeeIs  on  the  engine-shaft  arc  mudcto  slide 
in  and  out  o(  i;t:ar.  Thv  pinions  arc  made  lu  luck  unlu  the 
eaginc-abaft  with  strong  keys  and  slots,  and  so  connected 
that,  as  one  pinion  is  put  into  scir,  the  oilier  is  thrown  out. 
These  changes  are  made  by  a  lever  and  slot  -and  f<irk  ar- 
rangement, which  is  controlled  by  Ihe  engineer.  After  a 
train  has  been  haulctl  out  with  the  main  rope,  the  main-rope 
drum  is  thrown  out  of  gear  and  made  to  run  luosc,  so  that, 
during  the  hauling  in  viLh  the  tail-roj)cdnim,  the  main  rope 
is  hauled  in  with  the  train;  j-icr  t'crsti,  to  haul  out,  the  main- 
ro|K:  drum  is  put  into  gear,  and,  c«:)iiseqiiently,  the  tail-rope 
drum  is  thrown  out  of  gear  when  the  tail-rope  i&  hauled  out 
with  outgoing  trains  of  loaded  cars. 

The  friction-clutch  connection  is  common  where  the  en- 
gine is  an  the  first  motion,  for  then  the  drumTi  arc  mounted 
on  the  engine-shaft.  The  braking  of  the  main  and  tail  rope 
drums  requires  special  care  and  attention  on  the  part  of  the 
engineer,  for  otherwise  he  may  hold  the  loose  nmning  drum 
too  light,  and  in  that  case  undidy  strain  the  rope  engaged 
for  the  lime  in  hauling,  and  at  the  same  time  waste  the 
available  energy  of  the  engine  and  reduce  the  velocity  of, 
the  traiiL  On  the  other  hand,  if  the  riinning-otf  rope  is  not 
kept  comparatively  tight,  it  may  overrun  and  kink  and  be 
iroyed.  Not  only  should  the  engineer  be  a  man  of  prii- 
ico,  but,  for  safety  and  economy,  the  brake  arrangement 
should  bo  so  constructed  that  it  wiLl  secure  in  action  the 
following  good  points: 

(I)  It  muat  be  strong  and  reliable;  (i)  the  friction  gen- 
erated must  be  sufficient  to  stop  and  hold  the  train  secure 
on  any  i>ait  of  the  road;  (."J)  the  brake  mu^t  be  aemated 
by  a  ci>mpnund  lever,  so  as  to  exert  a  great  stress  with 
the  power  of  an  ordinary  man*s.  arm;  (4)  the  brake-handle 
must  be  fixed  in  a  jKJsiti<m  so  near  the  throttle- valve  of  the 
engine  that  the  engineer  can  turn  Irom  one  to  the  other 
without  changing  his  position.  Fig.  SH;t  shows  a  brake  and 
lever  arrangement  that  possesses  all  the  good  points  just 
referred  to. 
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OXDERGROUXD    [IAI;L,AGB   BY  EXDLBSS   ROPB. 

2432.  HaiilagC'driims  can  not  be  used  for  an  cndlcss- 
rppc  haulage,  35  in  this  case  two  ropes  must  nm  cnntiiui- 
oosly  ia  opposite  directions;  therefore,  it  is  out  of  the  ques- 
tion to  even  think  of  u^ing  rccls^  Reels,  or  drums,  however, 
can  not  be  disposed  of  without  substituting  whct-ls  that  not 
onl^  cott  on  but  coil  oft  at  the  same  time,  and  yet  seize  the 
rope  for  hauling  as  securely  as  a  (tnim  would  do.  Now  it  is 
clcnr  that  a  single-grooved  pulley  coutd  not  seize  the  rope 
sufficiently  for  hauling  against  a  resistance  greater  than  the 
friction  due  to  a.  rope  slipping  in  the  groove  whose  length 
is  equal  to  half  the  cireumCcrcnee  of  a  wheel,  Again,  it  is 
not  possible  to  make  two  or  mor«  turn^t  of  the  rope  round  a 
wheel,  and  haul  eontinuously  by  this  means,  because  the 
rope  would  all  run  on  at  one  side,  and,  therefore,  after  a  tura 
or  two.  would  coil  on  itself.  It  is  true  ttial  fleet-wheels  have 
been  contrived  by  which  the  coils  are  made  to  continuously 
sJip  And  surge  from  one  side  of  the  tread  of  the  wheel 
towards  its  center;  hut  the  surging  and  slipping  on  such  a: 
wheel  generates  a  heavy  strain  on  the  rope,  and  this,  added 
to  the  wear  by  the  frirtion  due  lo  slipping,  soon  destroys  a 
good  rope,  and  renders  this  system  of  gripping  the  rope  a 
practical  failure. 

2433.  By  a  principle  in  mechanics,  two  grooved-hcets 
can  be  made  lo  weure  suffieienl  gripping  f<irce,  and  run  the 
rope  on  and  off  without  injury  from  surging  or  any  other 
caasc.  To  understand  the  mode  of  action,  suppose  that  a 
rupc  is  made  to  perform  the  circuits  of  eight  semicircular 
grooveson  two  four-grooved  pulleys,  as  shown  in  plan  at  the 
lop  of  Fig.  8S4.  Now  let  us  follow  a  point  of  the  rope 
throughout  its  journey,  from  the  time  it  enters  the  first 
groove  to  the  moment  of  leaving  the  last  one.  The  rope 
runs  half  round  the  first  wheel,  and  then  runs  off  to  the 
first  groove  of  the  second  wheel.  It  advances  to  the  second 
groove  of  the  first  wheel,  and  then  passes  half  round  and 
runs  off  to  the  second  groove  of  the  second  wheel.  The 
point  posacs  round  the  second  groove  of  the  second  wheel, 
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continues  its  journey  to  the  third  groove  of  the  first  wheel, 
from  that  to  the  third  groove  of  the  second  wheel,  and  so  on. 
It  will  be  found  that  the  rope  leaves  the  fourth  groove  of 
the  second  wheel,  and  pursues  its  journey  in  the  line  of  the 
haulage.  The  eight  semicircles  are  equal  to  four  complete 
turns  round  one  drum,  and  the  grip  due  to  the  four  turns  is 
nearly  equal  to  the  breaking  strain  of  the  rope.  The  two 
grooved  wheels  solve  the  problem  of  providing  a  secure  grip 
for  a  haulage  that  is  equal  to  that  provided  by  a  drum  for 
hauling  on  an  ordinary  engine-plane.  In  the  lower  portion 
of  the  figure,  the  engine  is  seen  to  be  on  the  third  motion; 
this  means  that  a  small  engine  is  made  to  run  at  a  high 
velocity  and  thus  develop  as  much  power  as  could  be  devel- 
oped by  a  large  engine  on  the  first  motion. 

2434.  In  hauling  and  hoisting,  the  position  of  the  train 
or  the  cage  can  not  be  seen  by  the  engineer,  and,  as  safety  is 
required,  it  must  be  secured  by  some  mechanical  contrivance 
for  indicating  the  position  of  the  train  or  the  cage.  It  is 
important  that  the  engineer  should  know  how  to  regulate 
his  supply  of  steam,  and  when  to  apply  the  brake,  in  case  the 
road  over  which  the  train  is  running  is  pitching.  He  also 
should  know  to  a  foot  where  to  stop  the  train  at  the  different 
stations  on  the  haulage-roads.  Again,  the  engineer  at  the 
hoisting-engine  must  know  the  exact  position  of  the  ascend- 
ing cage,  so  that  he  can  run  at  a  maximum  speed  without 
fear,  and  stop  the  cage  within  an  inch  of  the  level  of  the 
landing-stage.  From  this  it  can  be  seen  that  the  shaft  or 
haulage-road  indicator  is  indispensable.  Fig.  885  is  an 
indicator  for  a  haulage-road.  The  velocity  ratios  of  the 
train  and  the  indicator-weight  arc  so  proportioned  that  the 
latter  only  moves  over  a  space  of  one  foot  while  the  train 
on  the  haulage-road  is  running  a  distance  of  300  feet.  The 
velocity  ratios  are  1  for  the  indicator  to  300  for  the  train. 
This  reduction  in  the  velocity  of  the  indicator-weight  is 
secured  as  follows:  A  worm  on  the  end  of  the  drum-shaft 
runs  in  the  teeth  of  a  worm-wheel,  and  this  wheel  makes 
only  1    revolution  for  30  turns  of   the  drum.     Again,  the 
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diameter  f>f  the  barrel  for  winding  on  the  indicator-cord  is 
only  one-tenlh  of  lh«  mean  diameter  of  th<!  drum  fnr  the 
baulage-rope,  and,  therefore,  3oxl(l=3tiO,  the  velocity 
rali'i  of  the  haulajfe-rnpe.  The  worm-whpcl  ami  the  drum 
for  the  indicator. turd  are  plainly  shuwn  in  the  figure. 


HAL'KAGE  BY  MINE  KOCO.MOTIVE9. 

24«t5*  There  arc  three  types  of  mine  locumotivcs,  each 
of  which  has  been  micccssfully  u^cd  in  mine  haulage;  and 
there  will  shortly  he  on  the  market  a  fourth  typt',  which 
prutniseK  to  be,  in  a  measure,  a  cunipelilor  of  ibc  other 
three.  The  first  three  type*  arc:  steam  loroni olives,  com- 
pressed-air locomotives,  and  electric  locomotives.  The 
fourth  is  a  locomotive  opcrntetl  by  a  gaftolinc-cngine. 

2-136>  The  steam  I'^comotives  u.'*d  in  mining  work  are 
practically  small  locomotive«  of  the  ordinary  type;  they 
usually  have  two  driving-wheels,  and  snmetinies  three,  on 
each  side;  the  water-tank  is  set  over  the  hoik-r,  and  the 
smokestack  is  shortened  so  that  it  docs  not  extend  above 
the  top  of  the  I><>ilcr:  in  !>hort,  the  smokestack,  top  of  boiler, 
and  top  of  small  cah  are  on  the  same  level,  and  lew  enough 
t»  permit  the  locomotive  |o  enter  the  mine-passages.  They 
arc  ut^ually  made  with  a  short  wheel-baKe,  so  as  to  enable 
them  t<i  run  around  sharp  curves. 

2437.  While  these  small  locomotives  arc  convenient, 
and   very  efficient  around  mines  for  out.side  haulage,  they 
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^ould  not  be  used  for  inside  haulage  if  their  use  for  such 
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haulage  can  be  avoided,  because  the  exhaust  from  the 
smokestack  vitiates  the  mine  air,  and  the  fire  under  the 
boiler  is  extremely  dangerous  in  any  mine  in  which  ejiplosive 
gas  is  generated.  When  steam  locomotives  are  of  necessity 
used  in  mine  haulage,  the  haulage-road  should  always  be 
the  return-air  course;  they  should  never  be  used  in  mines 
in  which  explosive  gas  is  found.  Fig.  88C  shows  a  view  of  a 
typical  steam  mine  locomotive.  Where  such  locomotives 
are  used,  the  track  should  be  as  smooth  and  well  ballasted 
as  possible. 

2-438.  The  compressed-air  locomotives  used  in  mine 
haulage  have  their  working  parts  built  very  similar  to  those  of 
steam  locomotives,  the  main  difference  being  that  the  boiler 
and  (ire-bo-x  are  replaced  by  one  or  two  compressed-air 
tanks,  which  are  usually  charged  with  compressed  air  at 
suitable  intervals  along  the  haulage-road.  The  compressed- 
air  Kx-omotive  can  be  ojicrated  with  safety  in  any  part  of 
a  mine  where  grades  will  permit,  and  is  not  dangerous  in 
the  event  of  the  mine  priiducing  e.xplosive  gases.  However, 
the  installation  of  a  compressed-air  locomotive  is  much 
more  ex^K'ttsivo  than  that  of  the  steam  locomotive. 

243S).  Tho  compressed-air  l.K>imotive  requires  a  sta- 
lion.iry  plant  I'U  ttu-suruue,  consisting  of  an  air-compressor 
of  prv>[itT  »Ksii;;i  f.T  the  (Quantity  and  pressure  of  air  neces- 
sary lo  run  the  Kv>Mu,>:;vi.-:  t:t  uvUiition,  unless  water-power 
i^  available  t>>  run  the  ^^'nlp^esJ^>r,  a  bv>iler  to  generate  steam 
lor  that  (>ur;».'se  is  rtViV.ire-.!  The  air  from  the  air-com- 
pr^'sskT  nu!>t  K-  v\':;veyev'.  thr\>uj:h  a  pipe-line  to  the  point 
or  :k';;',:s  where  i;  is  vv>v.vf:;:t:'.t  t*  charge  the  locomotive. 
E,uh  vhari;;;ii;-st,i:iv':i  ^^>:;s■s:s  vf  a  heavy  valve  with  a 
met.i-'.o  tUvit'A"  l^".u^;:•.J;.  h'.ix>.Ur- valve,  and  screw-joint, 
whuh  ^xnu'tes  tv"  A  s;:ii:Ur  s».tvw-;v>;:-.:  on  the  locomotive. 
While  it  is  entit\"'y  i>raetiea^'e  to  charvre  a  compressed-air 
KvN'motiw  diiwt  trv>m  the  wmtTvsjkr,  without  any  inter- 
BfteUiat«'*l».>«npMW««'rYi.'a\  it  is  i-.o;  ev-vav-mical  unless  a  num- 
ber of  fciCQMatiiwt  tkt*  VlS*^U  ^^  that,  while  one  locomotive  is 
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2440.  The  best  and  cheapest  method  is  to  operate  the 
coniprc»!Mjr  at  a  nearly  uniform  speed,  pumpinjf  continuous- 
ly in  the  sloragc-rcscrvoir  (rum  which  ihu  locomotive  i» 
charged.  IE  the  compressor  is  only  run  while  the  locomo- 
tive is  charging,  the  wear  and  tear  on  the  compressor  and 
boiler  are  greater,  steam  and  fuel  are  wasted,  an  unneces- 
sarily large  compressor  is  required,  and  the  loaimotive  is 
held  idle  longer  than  desirable.  One  or  more  stationary 
tanks  may  be  used  for  storadc-rcscrvnirs,  but  a  pipe-line  i& 
preferable,  because  it  is  handier,  and  provides  opportunity 
(or  a  number  of  charging-stations  at  different  points,  and 
»!«>  makes  it  easy  to  charge  different  locomotives  in  differ- 
ent places  or  on  different  levels  of  the  mine,  besides  convey- 
ing the  air  wherever  desired. 

24-11.  The  whole  operation  of  stopping  the  locomotive, 
connecting  it  to  the  charging-station.  churning  it  to  the  re- 
quired pressure,  and  disconnecting,  and  starting  on  its  trip, 
can  usually  be  performed  in  less  than  one  and  one-half 
minutes. 

24-42.  The  pressure  and  cubic  capacity  of  the  pipe-line 
or  tank  should  be  so  proportioned  that,  when  the  locomotive 
retuming  for  a  new  charge  i»  connected,  the  pressure  of  the 
locomotive  and  of  the  pipe-line  equalize  almost  instantly  to 
the  requircil  pressure.  It  is,  therefore,  necessary  to  iMrry 
a  higher  pressure  in  the  pipe-line  than  is  needed  for  the 
locomotive.  The  necessary  pressure  of  air  and  capacity  of 
the  pipe-line  can  very  easily  be  determined.  For  instance, 
i(  th«  locomotive-tanks  have  100  cu  ft.  capacity,  the  char- 
ging pressure  needed  ior  the  locomotives  is  5<iO  lli..  and  the 
average  pressure  remaining  in  the  Incomotive,  when  re- 
turning for  the  new  charge,  is  AO  Ih.,  a  pipe-line  of  .100  cu. 
ft.  capacity  and  MO  lb,  pressure  will,  when  connected  with 
the  locomotive,  charge  it  instantly  to  500  lb.  This  isshuwu 
by  the  fullnwing  calculation: 

The  prcjtsitrc  in  The  locomotivc-wnk  is  50  lb,  and  that  in 
the  pi|>c-Jinc  is  «W  lb. ;  the  volume  of  the  tank  is  100  cu.  ft. 
and  that  of    the    pip«-line    is  300  cu.  ft.       The  resulting 
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|tretc!iure,  when  the  two  are  connected,  may  be  obtained  from 
furmula  lO  in  (raseH  Met  With  in  Mines.     Thus, 

„     /*r+/,p,      fiOx  Ifi0+r,fiftx300      ,,,^,, 

p^      J./'    -  —  i,.o--r3ar—  =  *"^o •''■  P*^^ ^- '"■• 

the  pressure  needed  for  the  locomotive.  Practically  the 
same  result  would  be  reached  by  a  pipe-line  of  400  cu.  ft.  at 
610  lb.  pressure,  or  S.^0  cii.  (t.  at  G80  lb.  pressure. 

24-43.  In  actual  practice,  for  the  sake  of  economy,  the 
&ir-ci}in pressor  may  be  regulated  so  as  to  charge  the  ptiw- 
linc  to  a  lower  pressure^,  whenever  it  may  be  desired  to  run 
the  mine  at  less  than  its  full  output.  The  compressor  can 
be  made  automatic,  andmay  beset  for  any  required  maximum 
pressure,  and  to  retard  tls  siHrcd  as  this  limit  is  approached. 
Relief-valves  should  be  used  for  both  the  pipc-Unc  and  for  the 
loa>motive,  as  a  protection  against  over-charging.  In  some 
caws,  where  the  pipc-Hnc  extends  beyond  the  charging- 
station  quite  a  distance,  a  less  pipe-line  pressure  maybe  used; 
and  after  the  locomotive  has  Iwen  connected  with  the  pipe- 
line, and  the  pressure  has  been  equalised,  that  part  of  the 
pipe-line  l>eyond  the  charging-staiion  may  be  shut  off  by  a 
%'alve,  and  the  Itvomotive  may  tHMitinue,  connected  by  the 
remaining  pan  of  the  pipe-line  to  the  compressor,  \intil  ihe 
required  pressure  is  reached,  when  the  locomotive  can  be 
disconnerteil  and  the  vaUx  opened.  There  is  no  difficulty  in 
obtaining  and  layin);  ]^\yv  strong  enough  to  stand  500  to 
1,«W  llx  pressure  In  the  square  inch,  and  this  form  of  res 
voir  costs  ver)*  nearly  the  same  as  equivalent  storage 
lanks^  Four  to  .>ux  inches  diameter  i«  usually  the  Ix^st  sii 
for  pipeline.  Air  maybe  conveyed  several  miles  ihruugl 
a  pipe  uf  a«  small  diameter  as  two  inches  with  srarcely  a|: 
prrciahle  Iors  of  prrMurc.  For  a  pressure  of  ,*»(«)  to  T^lO  lb.' 
*>T  more,  a  thrre-Ataeo  oonprcssor  ts  generally  preferred.^ 
If  •  li>w-pres«uro  conpraased-ur  tyftem  is  also  used  in 
•tchinery.  wcJt  ■'•<  .inlls  pumjw,  hoists 
the  locomotive  with  at^ 
I  to  100  lb.  pressuT 
cnmprcssor  is  ns 
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iPor  extra  li){ht  vork,  sliort  trips,  and  easy  grades,  a  pres- 
•urc  of  8<(  to  ItiO  lb,  may  lie  sufficient  fwr  the  locomutive. 

244-1.  Air-<.-«f  in  pressors  are  now  so  constructed  that 
thoy  may  he  used  during  the  daytime  to  furnish  high- 
pressure  air  from  400  to  8iKt  lb.  (ur  ojicrating  the  locomo- 
lives,  and  during  the  night  to  furnish  air  at  tow  pressure — 
do  to  UKt  lb. — for  opcratinjr  drills,  etc.  This  arranRemciH  is 
Convenient  fi»r  night-work,  whellur  it  consists  in  driving 
entries  or  in  getting  jurnc  faces  ready  for  the  miners. 

244  jt.  As  stated  before,  the  mechanical  construction  and 
practical  opcrationof  thccoraprcsscd-air  Uxromntivc  is  simi- 
lar to  that  ".if  the  steam  locomotive.  Air-tanks  take  the 
plaire  of  the  boiler,  and  the  air  is  applied  and  used  in  much 
the  same  manner  as  steam;  the  details,  however,  are  modi- 
fied to  secure  the  mt>st  economiculand  convenient  use  »{  the 
mir.  The  main  air-tanks  should  he  made  of  a  special  quality 
of  heavy  Steel  plates,  with  heavy  butt-riveted  well-slrip  hori- 
suntal  seam^,  and  with  both  heads  flanged  convex.  The 
Ifront  bead  should  be  provided  with  a  manhole.  The  usual 
range  of  charging  pressure  for  compre.<ised-ai r  locoratitives  is 
.jlOOtoXOO  lb.,  although  heavier  pressure  tan  be  used  incase 
iof  long  hauls  and  heavy  work,  with  but  one  charge  of  air. 

i-t-$9-  Experience  has  shown,  in  wcll-cunstructed  air 
Ipipe-Hncs,  that  slight  changes  in  temperature  cause  greater 


Pig.  fsr 


raruttons  in  pressure  than  are  produced  by  leakage.     A 

srop»frly  constructed  j)ii>e-line.  with  heavy  connections,  eare- 

*.|1».  rt>**.l    and  supplied  with  hpecial  valves,  will   lose  very 

lirough  leakage.     While  the   firisl  cost  of  a 
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compressed-air  haulage  plant,  in  greater  than  that  of  a  steam 
locomotive,  the  cost  of  maintenance  is  less;  the  cost  of 
operating,  however,  exclusive  of  repairs,  is  slightly  more 
when  but  one  locomotive  is  used.  When  several  compressed- 
air  locomotives  are  used,  the  difference  in  cost  of  mere  opera- 
tion becomes  less,  until  it  reaches  a  point  at  which  it  is 
really  cheaper  than  the  operation  of  the  same  number  of 
steam  locomotives.  Figure  887  is  a  side  view  of  a  modem 
compressed-air  mine  locomotive, 

^•i^?.  Electric  mine  locomotives  consist  essentially  of 
a  heavy  truck,  the  wheels  of  which  are  rotated  by  a 
mechanism  operated  by  an  electric  motor.  The  operation 
of  the  electric  mine  locomotive  is  very  similar  to  that  of  an 
electric  trolley-car ;  in  fact,  the  power  to  run  the  locomotive  is 
conveyed  along  the  haulage-road  through  a  conducting  wire 
on  which  a  trolley  connected  with  the  locomotive  runs. 

2448.  The  electric  locomotive  possesses  on«  great  ad- 
vantage over  the  steam  locomotive:  there  is  no  exhaust  to 
vitiate  the  air  of  the  mine.  It  is,  therefore,  an  excellent  haul- 
age-machine for  use  in  mines  free  from  explosive  gas.  Its 
use  requires  the  erection  of  a  plant  for  generating  electricity 
on  the  surface.  The  power  thus  generated  is  very  con- 
venient, and  the  current  carried  along  the  conducting  wires 
can  be  utilized  for  many  purposes  in  mines.  For  instance, 
coal-cutters,  pumps,  drilling-machines,  hoists,  etc.,  etc.,  can 
be  operated  by  it.  This  gives  electric  haulage  plants  ad- 
vantages which  have  resulted  in  their  adoption  in  many 
mines.  Actual  results  prove  them  very  efficient  and  econom- 
ical in  operation. 

2449.  Gasoline  mining  locomotives  have  not  as  yet 
been  used,  although  the  successful  utilization  of  gasoline- 
engines  for  other  purposes  makes  it  evident  that  one  manu- 
facturer's claim  of  his  ability  to  produce  a  gasoline  locomo- 
tive i^  well  founded.  Such  a  locomotive,  however,  will  be 
(ijn-ii  lo  niu'  i>f  the  objections  for  mine  use  that  applies  to  a 
stc.nin  locomotive,  viz.,  the  vitiation  of  the  mine  air  by  the 
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products  of  the  combustion  of  the  gasoline  vapor  in   the 
cylinders,  which  must  pass  out  through  the  exhaust. 

2450.  All  the  types  of  mine  locomotives  mentioned  re- 
quire for  successful  operation  that  the  grades  of  the  roads  over 
which  they  run  be  comparatively  light;  in  this  respect,  they 
are  less  advantageous  than  rope  haulage.  Again,  as  stated 
before,  with  mine  locomotives  the  haulage  is  performed  in 
a  more  intermittent  manner  than  by  rope  haulage,  more 
especially  than  by  the  endless-rope  system.  In  the  con- 
struction of  mine-tracks  for  locomotive  haulage,  the  same 
general  rules  apply  as  in  the  construction  of  tracks  for  rope 
haulage,  the  only  difference  being  that,  when  locomotives  of 
any  type  are  used,  the  outer  rail  of  all  curves  should  be 
slightly  elevated.  The  same  rule  regarding  the  size  of 
curves  applies  in  the  case  of  locomotive  haulage  as  in 
rope  haulage,  namely,  that  they  should  be  of  as  large  radius 
as  possible,  though  it  must  be  said  that  well-designed  mine 
locomotives  with  a  short  wheel-base  will  run  and  pull  trips 
around  sharp  curves  better  than  any  type  of  rope  haulage. 


[OISTING  AND  HOISTING  APPLIANCES. 


MOTORS. 


I 

I 


IXTROIJLCTIOX. 

2451.  In  order  that  we  may  study  hoisiing  machinery 
lo  the  best  advantage,  we  witl  divide  it  into  its  romponeni 
Parts  and  consider  these  separately.     They  arc  as  ioUuwii: 

Motors,  CnrM, 

l>runiM,  Ropti  Currlifrn, 

Rop«ti,  Truck  M. 

In  other  words,  a  hoisting  plant,  generally  speaking,  con- 
«JBt6,  first,  of  a  $ticlor  to  supply  power  and  to  rotate  a  drum; 
second,  otadrum  tobcdri%'en  by  the  motor  and  to  wind  upm) 
itself  a  rope;  third,  of  a  rcj>e  to  he  wound  upon  the  drum 
and  to  carry  at  ita  end  a  car;  fourth,  of  a.^at  to  be  carried 
by  the  rope  and  to  contain  the  material  to  be  hoisted;  fifth, 
of  ropt  earriers  l«  guide 
and  control  the  rope;  and, 
sixth,  of  a  {rack  to  guide 
and  control  the  car  during 
its  travel. 


2452.  As  wc  have 
&ai(l,  the  motor  of  a  boiat- 
ing  plant  is  that  jKirt  which 
supplies  the  power.  ]n[ 
the  case  of  an  ordinary 
wlndlaa*.  as  shown 
in  Kig.  888.  the  motor  is  ^'o  «*■ 

Aiuao.  who  turns  the  crank-handles,  and  thus  applies  power 

Par  node*  u(  Ih*  c»pr'i(1i*,  tcv  |W|tr  imniediKtelr  f<>llawln<  tbo  litio  pftce. 
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to  the  drum.     In  the  case  of  a  horse<gin,  as  shown  in  T  _ 
6&U,  the  mutur  is  a  horse,  which  is  hitched  to  the  end  of  ibc 

horizontal  lever,  and,  by 
valkinj;  aronnd  the  cm, 
piipplips  power  to  Ihf 
tlnim.  These  muton!  an- 
swer their  purposes,  bat 
they  arc  only  cn{ubli'  of 
exerting  small  amounts 
of  jKJwcr ;  as  il  becomes 
necessary  lo  hoist  heavy 
Pic  »o.  luad)S  from  great  dej«hs, 

more  powerful  motors  iiiui.1  be  employed.  In  Fig.  S!io  i* 
snown  an  electric  motor,  or  dyn^imo,  arraiijred  as  a  motor 
tor  a  hoist;  in  Pi^.  891  is  tihown  a  duplex  or  duuble-cyliuda 


engine  similarly  arranged.  We  have  before  us,  then,  ivo 
powerful  motors  applicalilc  to  a  hoisting  plant;  namely, 
electric  motors  anil  engines,  Tn  ai-miil  practice,  these  arc 
found  to  fill  all  rcquircmcntii,  and,  under  certain  conditnUh, 
each  has  advantages  over  the  other. 
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It  would  be  veil  to  note  here  tb.it  there  is  a  fundamciiul 
difference  lietween  the  first  two  motors  cited  and  the  last 
two.  The  first  two — ihatit^,  the  man  and  the  horse — artiially 
supply  the  [iowcr  that  is  transmitted  to  the  drum.  The  last 
two— that  is,  the  dynamo  and  the  engine— do  not  actually 
supply  the  power,  hut  simply  transform  it.  The  electric 
motor  is  supplied  wilh  electrical  energy  from  some  nthcr 
source  and  transforms  it  into  mechanical  power,  which  is 
then  tr.in«mttted  to  the  dnim.  The  engine  is  supplierf 
with  energy  in  the  form  of  steam  or  compressed  air,  and 

P  transforou  it  into  mechanical  power.  As  far  as  the  hoist- 
ing plant  is  concerned,  however,  these  motors,  the  electric 
motor  and  the  engine,  do  supply  the  [Kiwcr. 


I 


ELECTRie  .MOTOKH.    OH     IJYXAM08. 

2-A53.  Of  late  years  elovtrii'ity  has  found  its  way  into 
almost  every  branch  of  eugiiirdtng,  and  mining  engineer- 
ing is  not  an  exception,  to  the  rule.  We  find  it  taking  the 
place  of  steam  and  compressed  air  in  driving  drills  and 
mining  machines,  liMToinutivcs  for  iindergruund  haulage, 
pumps,  and  hoisting -engines.  For  the  latter  purpose  It  is 
well  adapted  and,  under  certain  conditions,  has  many  ad- 
vantages. Some  of  ihesc  arc  due  simply  to  the  use  of  an  elec- 
tric motor  in  place  of  an  engine;  others  arc  due  to  the  use 
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of  electricity  instead  of  sicam  ;  and  Rtill  others  arc  due  to  the 
system  of  electrical  transmission  and  transformation  its«lf. 

2454.  By  UKing  an  electric  motor  fur  a  boist  a.  rutary 
motion  i»  obtained  directly,  and  cnn  be  reduced  and  trans- 
milted  to  the  winding  drum  simply  through  spur-ijearing; 
whereas  an  engine  gives  a  reciprocating  motion  that  must 
be  transmitted  to  the  drum  by  means  of  cross-heads,  con- 
nct!ting-rods,  andcranks.  The  reason  why  the  motion  of  an 
electric  motor  must  be  reduced,  in  trans mittinj);  it  to  tht 
drum,  is  btxiausc  the  speed  is  necessarily  too  high  for  the 
drum.  An  electric  motor  is  a  less  complicated  piece  of 
mechanism  than  an  engine,  and  it  cimsequently  requires 
less  attendance  and  less  repairs.  It  has  no  valve-gear  lo 
get  out  of  ordi-T,  and  it  is  more  compact  and  occupies  kss 
room  than  an  engine  of  the  same  power.  The  speed  and 
power  of  an  electric  motor  arc  regulated  by  means  of  a  con- 
troller as  readily  as  the  speed  and  power  of  an  engine  art 
regulatetl  by  the  throttle. 


n  t^ 


24AA.     Hy  using  electricity  instead  of  fttcam  the  n 

sity  of  steam-pipes  is  avoided,  their  place  being  taken 
two  wire:;.  These  are  much  more  easily  laid  and  carried 
than  steam-pipes.  They  take  up  little  or  no  room,  and  can 
be  carried  along  the  most  tortuous  pa:«5ageways  when  thr 
power  is  wanted  underground.  There  is  no  heat  from  them 
as  there  is  from  steam-pipes,  and  the  loss  due  to  the  resi-st- 
anco  of  the  wire  to  the  current,  known  as  /im  loss,  is  rery 
small  compared  with  the  loss  due  to  the  condensation  of 
steam  in  the  pipes.  If  the  hoist  is  to  be  underground,  ihera 
is  no  cxhuust-stcara  to  heat  and  vitiate  the  air  and  rot  t 
timbers. 

If  the  |K>wcr  has  lo  be  transmitted  any  ctmsidcrablc  di«' 
tance,  or  i(  it  must   be  transformc<l   from  some  natu 
source,  ns  wind  or  water  ]»ower,  the  adi'antages  of  the  eli 
Irical  system  u(  *  ion  and  transformation  arc  vrrj 

great  wc  have  a  wcll-equipf«*i^ 

oDgincs,  with  p"<Ti 
ift  at  some  rcaiK'-  _ 
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place  on  the  surface  or  at  some  underground  point.  We 
have  simply  to  connect  a  dynamo  to  on6  of  the  engines  to 
transform  some  of  the  spare  power  into  electrical  energy, 
run  wires  to  where  the  hoisting  must  be  done,  and  use  an 
electric  hoist.  Or,  suppose  a  water-power  is  available, 
either  close  at  hand  or  at  some  distance  from  where  the 
hoisting  is  to  be  done.  We  would  then  use  a  water-wheel 
or  turbine  and  a  dynamo  instead  of  boilers  and  engines,  and 
transmit  and  use  the  electrical  energy  as  before.  By  such 
an  arrangement,  we  would'  save  the  cost  o£  fuel  and  the 
handling  of  it  and  the  ashes. ' 

2456.  From  the  foregoing,  it  is  evident  that  the  stu- 
dent of  hoisting  machinery,  should  know  something  of  elec- 
trical matters,  and  be  as  familiar  with  the  fundamental  laws 
of  electricity  as  he  is  with  those  of  steam,  an(J  as  familiar 
with  the  characteristic  points  of  a  dynamo  as  he  is  with 
those  of  an  engine. 

2457.  There  are  two  kinds  of  dynamos:  viz.,  direct' 
current  dynamos  and  altcrnating-cttrrent  dynamos. 

Alternating-current  dynamos  are  of  two  kinds,  single' 
pltase  and  nmltiphasc.  Jn  speaking  of  dynamos  specifically, 
the  one  that  transforms  mechanical  energy  into  electrical 
energy  is  called  the  generator,  and  the  one  that  trans- 
forms the  electrical  energy  back  into  mechanical  energy  is 
called  the  motor. 

2458.  Direct-current  dynamos  are  suitable  for  hoisting 
machinery  provided  the  hoist  is  near  the  generalinjr  station 
or  plant;  but  if  the  current  must  be  carried  a  long  dis- 
tance, the  system  becomes  impracticable  because  of  the 
necessarily  low  voltage  of  the  current  and  the  consequent 
great  cost  of  the  conducting  wires.  Direct-current  dyii:i- 
mos,  suitable  for  power  purposes,  can  not  be  made  to  oper- 
ate successfully  at  a'much  higher  electromotive  force  than 
1,000  volts,  on  account  of  the  arcing  and  short-circuiting  iti 
the  commutator  and  its  connections,  Fuitliirinore,  Ihc 
direct  current  can  not  be  transfi»rmed  to  a  higher  v■lha^ic 
except  in  a  machine  like  a  dynamo  and  having  the  same 
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objections.  The  plan  of  connectitig  up  ttevcral  dynamos  i 
series,  and  so  increasing  the  voltage,  hus  been  tried;  but  it 
is  suitable  only  where  power  must  be  transmitted  and  used 
ill  large  units.  It  would  certainly  be  impracticable  to  con 
nect  up  several  gfenerators  in  series  to  give  a  current  ot 
high  ennugh  voltage  to  he  transmitted  economically,  anil' 
then  use  several  motors  in  a  similar  series  to  drive  a  hoist. 


I 


24^59.     The  single-phase  alternating-current  dynamo  ran 
without  ditticulty  bu  made  to  generate  and  use  a  current  of 
3,(KK)  to  i.WO  volts,  or  even  more  if  necessary,  becau^  tluifl 
current  is  taken  from  and  by  two  continunuft  rings  without 
being  rectified,  thus  .^voiding  the  difficulties  attending  the 
commutators  of  the  direct-current  machine.     By  the  prin. 
cipic  of  induction,  an  alternating  current  of  moderate  volt-^ 
age  can  be  transformed  into  a  current  uf  smaller  ampcrag^| 
and  higher  voltage,  for  transmission,  and  can  be  rc-trans- 
formiid  at  the  other  end  of  the  line  to  any  voltage  desired, 
I  he  amperage  varying  inversely  as  the  voltage.     The  energy 
rcm.iins  the  same,  with  the  exception  of  a  small  loss  in  the 
transformation,   amounting  to  about  2  per  cent.     As  the  ^ 
coils  of  the  transformer  arc  Ktalionary,  and  as  there  arc  ndl^ 
sliding  contacts,  any  desired  amount  of  insulation  can  he 
used,  and  almost  any  voltage  that  can  be  controlled  on  the 
line  can  he  obtained.     Many  plants  are  in  operation  wit 
currents  of  10,000  to  ]:i,<X>0  volts,  and  some  with  currents  . 
high  as  60,000  volts. 

The  single-phase  alternating  current,  however,  conststii 
as  it  docs  of  a  simple  alternating  wave,  is  not  suitable  fc 
hoisting   machinery,  because    no    satisfactory   single-phaae^ 
alternating  motor  has  yet  been  devised  that  is  self-starting 
under  ln.id  and  capable  nf  "ipced    regulation.      If  a  motor 
built  on  the  same  lines  us  a  single-phase  generator  is  brought 
up  to  the  I iiiipiii  HiMfiiil iitilrilj"- *****^*'  power,  so  that  the 
allrrnaliii,-  ^*"  ■    "  "*~    "  '     "rection  at  therigh! 


insl.inl';. 
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ran»  synchronously,  or  in  stcji.  witK  the  alternations  of  the 
current.  Its  Kpecd  can  not  bu  regulated,  and  if  a  sudden 
toad  causes  it  to  slow  down  or  lose  step,  it  stop».  It  tft  m- 
convenient,  and,  in  fact,  imprartirabie,  for  service  where 
frequent  stops  and  starts  are  necessary,  because  starting  it 
is  such  a  tedious  operation,  and  if  it  must  start  with  the 
toad  on,  it  can  not  be  used  at  all. 

2460.  The  successful  development  of  the  multiphase 
system  during  the  past  few  years  has  solved  the  problem, 
and  has  secured  the  advantages  of  both  the  direct  and  alter- 
nating currents.  A  multiphase  generator  has  several  wind- 
ings, so  placed  as  to  generate  several  alternating  currents 
differing  in  phase;  that  i>^  passing  the  lero  and  maximum 
points  at  different  instants.  Under  the  influenre  of  these 
currents,  which  may  be  compared  rojghty  to  the  cranks  of 
a  duplex  or  triplex  engine  without  any  dcad'ccntcr,  multi' 
phase  synchronous  motors  arc  self-starting  tinder  light  toad, 
while  non-synchronovxs  or  induction  motors  will  start  under 
full  load  and  are  capable  of  speed  rcgidatiun.  The  latter 
possess  the  good  qualities  of  the  direct-current  motors,  and 
the  additional  advantageof  having  nocuinnuitator.  Further- 
more, Ihe  multiphase  alternating  current,  like  the  single- 
phaKc  current,  retains  the  Indispensable  quality,  for  long- 
distance transmission,  of  being  transformable  from  low  to 
high  voltage  for  transmission,  and  from  high  to  low  voltage 
for  use  at  its  destination. 

Must  of  the  earlier  dynamos  used  for  hoisting  were  street- 
car motors  geared  to  friction  hoists.  This  type  is  very 
satisfactory  for  small  or  medium  sized  hoists,  as  the  friction- 
gear is  an  assistance  to  the  motor  controller  in  smooth  Klart- 
ing.  Fur  large  hoists  a  positive-geared  motor  is  more 
reliable;  but  it  Is  desirable  lu  interpose  a  friction-clutch  or 
an  equivalent  device  at  some  point  between  the  armature 
and  the  drum  as  a  safeguard  against  excessive  strains  on  the 
gearing  due  lo  the  inertia  of  the  armature  and  the  too 
sudden  WooDine  nt  the  drum  with  the  brake. 


ice  of  the  best  kind  of  motor  depends  to 
■size  ai  the  hoist,  its  location,  and  the 
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nature  of  the  work.     I'ur  an  unbalantcd  huist  t)f  mcxler^t 
size,  especially  i(  pUccd  uiidtrrgruuDdaiid  exposed  to  dirt  ani 
water,  the    iroa-clad  st-ries- wound   strcct-cur  type    is  wcl 
adapted,  an  it  is  strong,  well  protected,  and  designed  to 
stand  heavy  wofK  on  intprniittent  service      In  this  motor, 
t'flicionry,  low  heating,  and  absolute  (ree<lom  from  sparking 
arc,  to  some  extent,  Kacrifioed   for  rompattness  and  Hghi- 
iiBMR.     For  large  hoists,  whirh  arc  generally  located  in  com-       . 
jparntivrly  ricnn,  dry  places,  whirh  arc  cither  dniihlc<acting^H 
and  luihinrc-d    or  single-acting  and  overbalanced,  so  as  to'^^ 
act  conlinuoufily,  and  in  whirh  high  efficiency  iit  of  consid- 
ernlile  importance,  the  stationary  type  of  motor  i«  usuallj 
preferable. 

2462.     Thcspccd  controller  isoncofth?  most  important] 
features  of  an  electric  hoist.     On  many  of  the  earlier  hoists, 
the  o(mnniitate<l  firhl,  thrown  into  various  romhinations  of 
different   resistances  by  a  cylinder  switch,  was  employed, 
this  form  of  control  being  at  that  lime  widely  used  in  street- 
car service.     This  controller  gave  quite  satisfactory  results 
when  assisted  Uy  friction -gearing,  but  with  positive  gearing 
it  would   not  give  a  ^ifHciently  gradual  start-     On  mostj 
hoixtK,  a  variahlo  resistance  in  armature  circuit  is  employed! 
and    hy    making    this    rerifttance    sufficiently  high,  a    per^ 
fectly  smooth  start  may  he  obtained,  even  with  a  slack  rope.) 
The  miwt    s.iiisfartorr  rheostat ie  controller,  especially  for 
heavy  work,  is  one  in  which  the  resistance  is  cut  in  and  out] 
by  A  cylindrical  (nvitch  with  a  mj^nctic  blow-out,  wbicEij 
av«Md«  tl>«*  tnnibles«'»me  fffcet  of  arcing  at  twntacts,  when 
the  carrent   is  broken.     In  some  i'a«e«  it  is  practicable  to' 
UM  a  do«ible*motor  equipment,  with  series-parallel  controller, 
sucti  as  is  Q13W  cm  ployed  almost  exclusively  in  street-car  work. 
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work  of  hoisting  put  upon  ihem  by  means  of  a  rlulcli,  or 
ihey  arc  connected  to  the  drum,  citlitr  direct  or  through 
gearing,  and  arc  run  only  when  making  a  hoist.  The  first  of 
these  methods  has  been  employed  extensively  in  regions 
where  fuel  is  expensive,  and  where  it  is,  therefore,  desirable 
to  obtain  power  economically  by  concentrating  it.  If  a 
mine  is  equip]>cd  with  an  air-compressor  for  compressing  air 
for  rock-drilU,  or  an  underground  hoist,  or  both,  with  a  (an 
for  ventilation,  and  has  sc%-eral  openings  where  hoisting  is 
to  be  done,  one  hiKh-duty  engine  can  be  used  to  operate 
them  all,  and  greater  economy  of  fuel  be  obtained  than  if 
s,m«ll<^^  and  separate  engines  were  used  fur  each  uperation. 
The  fan  and  the  air- compressor  would  give  a  steady  load, 
and  the  work  of  hoisting  would  be  added  to  this  as  thelioi^u 
were  made.  But  this  kind  of  engine  docs  not  come  nat- 
urally into  i>ur  present  studies,  because  it  is  an  engine  pur*! 
and  simple,  and  is  not  affected  by  any  «(  the  requirements  of 
the  hoisting  service.  The  clutches  that  aretised  for  driving' 
the  drums  will  lie  talcen  up  Liter  in  connection  with  drums. 

The  second  meth<id  of  using  an  engine  in  a  Imisling  plant 
^-that  is.  of  having  it  connected  to  the  drum  cither  direct 
or  through  gearing,  and  running  it  only  when  making  a 
hoist — is  the  method  generally  adopted  and  the  one  we  shall 
study,  bccau»!  it  requires  a  hoisting-engine. 

A  hoisting-pngine  should  be  a  ttupUx  engim' ;  it  may  be 
efittdfositig  OT  HOH-cottdensing ;  its  fiize  shouUl  hear  an  inti- 
mate relation  to  the  amount  and  kind  of  work  to  be  done; 
It  may  be  driven  by  j^mwor  comprcssctlrt/V/  it  should  have 
a  suitable,  quick-acting  ifirotfU-valve,  aad  the  cylinders 
should  be  supplied  with  r f {if /-valves. 

2^64.  Oupluv  KnKtncH. — One  of  the  essentials  of  a 
good  hoisting-engine  is  that  it  shall  be  capable  of  picking  up 
the  maximum  load  at  any  point  in  the  hoist.  \i  the  engine 
is  a  single-cylinder  engine,  there  will  be  two  points  in  its 
revolation,  the  front  and  back  dead'Centera,  at  which  it  will 
be  entirely  powerless  ;  and  near  to  these  points  it  will  be 
ible  of   exettuig  only  a  very  small  amount  of   power. 


« 


If,  with  thifi  sort  of  cnginti,  the  cage  is  at  the  bottom  of  the 
hoist,  or,  in  fact,  anywhere  throughout  the  hoist  where  it 
might  he  necessary  to  siup,  and  the  niginc  is  on  or  near 
one  of  its  dcad-cenlers,  it  will  be  iinpossiblc  tn  start  to  hoist. 
To  avoid  this  state  of  affairs,  two  engines  are  placed  side  by 
side,  acting  on  the  same  shaft,  eilhvr  eiiRine  beinjc  large 
enough  to  pick  up  the  maximum  load  by  itself.  Such  a 
combination  of  two  sinnle-t^ylinder  engines  is  called  a  tfufl/x 
enginr.  A  cross-fumiwiund  engine  with  its  cranks  set  at 
right  ang!t!s  liJ  each  other  will  evidently  produce  the  same 
efTcct  in  starting  a  load  as  a  duplex  engine;  that  is,  there 
will  be  nil  dead-center.  The  two  cylinders,  each  having  its 
own  i>tslon  and  piston-rud.  should  have  separate  connecting- 
rods  and  crank$,  and  the  cranks  should  take  hold  of  (be 
same  shaft  at  right  angle*  to  each  other.  By  this  arrange- 
ment, it  will  readily  he  seen  there  is  no  dead-center  or 
point  where  the  engine  is  powerless.  When  one  crank  is  on 
a  center,  the  other  is  in  its  most  effective  position. 


2405.     ConduiiHlntc  nrNnn-CondcnnlnE  Hnclncn. — 

Steam-engines  for  hoisting  service  may  be  hut  It  either 
condensing  or  non-condensing;  which  is  the  better  depends 
upon  the  circumstances  of  each  case.  Condensing  engines 
are  larger  and  cost  more  to  build  than  non-condensing 
engines  of  the  same  power,  and  the  only  gain  is  in  the 
greater  economy  of  fuel  of  the  condensing  engines.  11^ 
therefore,  the  hoisting  plant  under  consideration  is  to  be 
luc;itc(l  at  a  ciKtl  mine  or  in  a  coal  region,  where  fuel  is 
cheap,  it  would  not  be  advisable,  generally  speaking,  to 
to  the  expense  of  putting  in  condensing  engines.  On  tl 
other  hand,  if  the  plant  is  to  be  located  at  a  metal  mine. 
where  fuel  is  BCJirre,  the  economy  of  the  condensing 
engine  may  more  t":  -  '"':-nce  its  greater  expense.  It  raus 
be  iKirne  in  mind,  '.-■  .  when  deciding  between  the  ti 

lh:it  hoisting  |riHM^|MHMtiy^vbtch  much  economy  can 
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always  an  objection.  Onp  »{  the  essentials  of  a  goofl  hoist* 
ing-cngtric  is  that  it  shall  be  capable  of  exerting  its  maximum 
power  at  any  time.  In  the  case  of  a  conclensinjy  engine,  this 
demands  two  things.  One  is  that  provitiion  must  he  made 
to  admit  live  steam  into  the  ]ow-prei«siire  cylinder,  and  the 
other  is  that  the  condenser  and  air-pump  must  be  independ- 
ent. We  have  assumed  here  that  any  condensing  engine 
which  vrc  may  consider  must  be  a  cross-compound;  in  the 
first  place,  because  tn  a.  condensing  enj^ine  ihc  range  of 
temperature  o(  the  stenm  is  so  great  that  with  a  single 
cylinder  the  initial  condensation  would  be  very  large,  and, 
In  the  second  place,  because,  as  we  have  seen,  a  hoisting- 
engine  should  be  a  double-cylinder  engine  in  order  that  it 
may  be  able  to  start  the  load  at  any  position  of  the  hoist. 
This  last  reason  was  explained  above,  but  the  first  reason 
witl  be  considered  more  fully  here. 

2-464.  Suppose,  for  instance,  an  engine  is  supplietl 
with  steam  at  100  pounds  gauge  pressure,  which  is  equiva- 
lent to  about  Ito  pounds  absolute  prcs.sure.  The  temper- 
ature of  such  steam  is  338"  F.  Let  us  admit  this  steam  to 
the  c^'Iinder  during  a  portion  of  the  stroke,  and  cut  it  off  at 
such  a  point  that  it  will  expand  down  to  M  pounds  absolute 
pressure  by  the  time  the  piston  has  reached  ihe  end  of  its 
stroke  and  the  exhaust-valve  opens.  The  temperature  of 
steam  at  50  pounds  absolute  pressure  is  2sr  I-'.,  and  the 
cylinder  itself,  or  its  inside  walls,  is  at  about  the  same 
temperature.  Now,  the  exhaust-valve  opens  and  most  of 
the  steam  rushes  out,  leaving,  say,  3  pounds  baek-pressure 
above  the  atmosphere  due  to  the  resistance  offered  by  the 
valre  opening  and  port.  This  3  pounds  is  equal  to  JS 
poaads  abtsolute  pressure,  the  tcmpfralure  being  24!i°  F. 
The  temperature  of  the  cylinder  wails  would,  therefore, 
drop  Again,  and  vould  approach  this  temperature,  ^'i'i"  F. 
There  vould  not  bo  time  enough  for  it  to  come  clear  down 
before  steam  is  admitted  on  the  other  side  of  the  piston  for 
the  return  stnike,  but  we  may  use  this  illustration  for  our 

-scat  jiucpose. 
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Wc  havr  now  the  range  ttf  temperature  Irefnrc  spoken  of; 
that  is,  from  338"  lo  ri'i^or  lUi",  and  it  will  be  readily  seen 
that  this  represents  the  possible  fall  of  temperature  of  t 
rylinder  dtiriii);  a  stroke.  But,  now,  more  ^team  isadmitt 
to  the  cylinder  on  the  other  side  of  the  piKturi,  and  this 
of  the  highest  temperature;  that  is.  338°.  The  result 
thill  some  of  it  is  condensed  by  comin^i;  in  contact  with  the 
cylinder  walls,  which  have  cooled  down,  as  wc  have  shown. 
This  is  called  inilial  iondcnsatioii ;  it  is  a  loss  of  power,  and 
is,  therefore,  very  objectionable. 


en 
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2467.  Let  us  now  take  the  same  conditions,  but  run 
our  engine  ns  a  condensin;^  engine,  and  see  what  the  result 
^^fill  he.  The  steam  enters  the  cylinder,  as  before,  at  a  lem- 
peratiirc  of  33^".  It  is  cut  off  somewhat  earlier,  if  we  wish 
to  obtain  the  same  power  from  the  engine,  and  ezpand.s  to 
the  t-rul  of  the  stroke.  Here  the  eshaust- valve  opens,  not  to 
the  atmosphere,  but  to  the  condenser,  and  the  steam  rushes 
But  and  is  condensed,  forminjj  a  partial  vacuum.  This 
vacuvim  may  be  equal  to  2C  incites  of  mercury,  which  is 
equivalent  lo  2  pounds  absolute  back-pressure,  whereas 
before  wehad  ispounds.  The  temperature  of  Spoundsabso- 
lut(!  pressure  is  ViC'  K.,  and  our  range  of  temperature  be- 
comes aas"  -  im"  =  iVi",  as  compared  with  the  Utt"  of  the 
first  case.  Wc  should,  therefore,  have  greater  condensation 
of  ihc  steam  when  it  is  admitted  for  the  next  stroke.  To 
prevent  this,  then,  cross-compound  engines  arc  used.  The 
steam  is  expanded  partly  in  one  cylinder,  then  transferred 
til  the  other,  where  it  i»  expanded  further,  and  is  cthausted 
to  the  condenser.  Thisobviates  the  necessity  of  admitting 
steam  at  a  trmperatiirc  of  338°  F.  into  a  cylinder  which  haftw 
just  contained  steam  at  a  temperature  nf  136°  F.  ^| 

We  assume,  therefore,  that  our  condensing  engine  is  to  be 
a  cross- com jjound  engine,  and,  aa  we  have  said,  the  hoisting- 
fcrvicc  requires  two  things  of  it:  First,  that  it  shall  take 
hve  steam  into  the  low-pressure  cylinder  when  ntjceaaarr, 
and,  secnnd,  that  Its  condenser  and  air-pump  be  of  the  ind( 
pendent  type. 
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2468.  A  hoist init-cnginc  which  is  lo  be  condensing  must 
tike  live  steam  into  its  low-prcsaurc  cylinder  fur  the  follow- 
ing reason:  In  the  rcKular  runniii]?  of  a  cross-corn  pound 
TOodi*n«ing  engine,  the  steam  is  admitted  from  the  boiler 
into  the  first  or  high-pressure  rylinder.  Here  it  is  allowed 
lo  expand  a  certain  amount,  after  which  it  is  exhausted  into 
a  receiver.  Fnwu  the  rccelvL-r  it  is  admitted  tn  ihc  low- 
pressure  cj'Iindcr,  where  it  expands  still  further,  and  from 
there  it  is  exhausted  into  the  coudcn&cr.  In  other  words, 
the  low-pressure  cylinder  is  fed  from  the  hipli-prcssurc  cyl- 
inder. Now,  hoisting  is  not  regular  running;  starting  and 
stopping  make  up  a  large  part  of  it.  As  has  been  pointed 
out,  an  engine  capahle  of  starting  under  load  ai  any  point 
must  have  no  dead-center,  hut  must  have  two  cylinders, 
either  o£  which  is  able  to  pick  up  the  load  when  the  other 
■M  on  its  center.  But  wc  have  just  seen  that  the  U^w-presiiure 
'^linder  of  a  compound  condensing  engine  is  fed  from  the 
bigh-pressure  cylinder;  »o,  if  the  engine  has  been  sranding 
and  no  steam  has  been  in  the  high-pressure  cylinder,  there 
will  be  none  for  the  low-pressure,  unless  other  provision  be 
made  for  iL  Also,  the  low-pressure  cylinder  may  be  the 
one  required  to  pick  up  the  load  in  starling.  Therefore,  to 
give  it  power  at  such  a  time,  live  steam  is  admitted  to  it  in- 
dependently of  the  high-pressure  cylinder.  This  is  simply 
done  by  having  an  auxiliary  stram-pipe  and  tkrot tie-valve 
leading  directly  to  it,  and  arranged  so  that  the  engineer  can 
open  and  shut  it  at  pleasure.  The  steam  used  is  gcncraliy 
reduced  in  pressure  from  that  carried  in  the  boiler  by  a 
TtgHiat^,  because  the  high-pressure  steam  would  give  too 
much  |>owcr,  the  low-pressure  cylinder  being  of  large  diame- 
ter, so  that  it  can  do  its  part  of  the  work  with  the  partially 
expanded  steam  from  the  high-pressure  cylinder. 

^^^^^^^^A  botsting-eiiginc  to  run  condensing  should  also 
^^^^K^  fdrni  atr-pump  and <OHJfns<r.  The  air-pump 
^^^^^^H  i-ondensing  engine  )»  operated  by  the  engine 
^^^^^^P  ically  part  of  it.     If  this  plan  i<;  adopted 

^^^^^^^^^^^^»tuig-cngine,  when  the  engine  stops  at 
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the  cud  of  a  hoist  the  air-punip  will  stop,  and  the  vacuur 
which  it  Icecaps  lip  will  I)c  lost  while  the  engine  is  standing. 
That  is  to  say,  atmospheric  jiressure  will  find  its  way  into 
the  condenser  and  art  as  a  back-pressure  against  the  Inw- 
pressure  piston,  amounting  to  about  lo  lb.  per  square  inch. 
This  will,  in  most  cases,  render  the  low-pressure  piston  un- 
able to  pick  up  the  load  at  the  l»eK'""inK  "f  the  next  hoiit 
Independent  condensers  and  air-pumps  can  be  bought  ready- 
made  to  suit  any  engine.  They  are  simply  special  steam- 
driven  pumps. 
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2470.  By  the  size  of  an  engine  is  meant  the  diarneter 

o(  ils  rylinder  {nr  cylinders)  and  the  length  of  its  stroke. 
Wc  should  be  able  to  say  what  these  dimensions  should  be 
for  a  given  case.  They,  of  course,  depend  upon  the  work 
to  be  done,  and  this  work  consists,  in  the  cisc  of  a  hoisting- 
engine,  of  three  things;  namely,  lifting  the  load,  accelera- 
ting the  moving  parts,  and  overcoming  the  friction.  How 
accurately  these  three  ilcnis  should  be  considered  depends 
upon  the  oircurastances  of  each  case,  but  it  is  not  generally 
advisable  to  figure  too  close.  In  fact,  it  is  always  advisalilo 
to  have  an  excess  of  power  in  the  engine.  A  little  extra 
power  costs  very  little  if  put  into  the  engine  while  building, 
but  it  may  be  very  difficult  and  costly  to  obtain  it  at  sonw 
later  day.  Furthermore,  the  comlitifms  are  so  variable  thii_ 
no  rule  can  be  laid  down  that  will  be  applicable  in  all  cas* 
It  is,  therefore,  thought  advisable  to  show  the  student  hn 
to  work  out  a  calculation  approximately  and  tu  illustrate 
with  examples, 

2471.  Suppose  that  we  wish  to  build  a  winding-engiae 
for  n  shaft  «r  vertical  htiistvvay,  the  (lepth  of  w" 
(t.     The   weight   of  material  to  be  hoi^ 
4,000  lb. ;  the  weight  of  the  mil 
the  weight  of  the  caa 
blc.  with  two 
ancc  ropo 


I  23   HOISTING  AND  HOISTING  APPLIANCES.       15 

type,  direct-acting,  and  the  mean  effective  pressure  is  to  be 
45  tb.  per  square  inch. 
The  load  on  the  rope  is  as  follows ; 

Weight  of  material 4,000  lb. 

Weight  of  mine-car 2,000  lb. 

Weight  of  cage 3,000  lb. 

Weight  of  rope,  say 4.000  lb. 

Total 13,000  1b. 

The  weight  of  the  rope  here  used  is  assumed  in  order  to 
get  at  the  probable  total  weight  on  it.  We  will  use  a  plow- 
steel  wire  rope,  and  a  factor  of  safety  of  10.  The  breaking 
strength  of  the  rope  should  then  be  13,000  lb.  x  10,  or 
130,000  lb.  By  referring  to  Table  46,  we  find  that  a  plow- 
steel  wire  rope  having  19  wires  to  the  strand,  with  a  breaking 
strength  of  130,000  lb.,  or  65  tons,  slightly  exceeds  IJ  in. 
diameter;  but,  as  we  have  used  a  large  factor  of  safety,  the 
1^-in.  rope,  with  a  breaking  strength  of  00  tons,  will  be 
strong  enough.  This  rope  weighs  2  lb.  per  foot  of  length, 
or  2  lb.  X  1,500  =  3,000  lb.  Revising  our  figures  above  by 
using  this  corrected  weight  of  rope,  we  have 

Weight  of  material 4.0U0  lb. 

Weight  of  mine-car 2,000  lb. 

Weight  of  cage 3,000  lb. 

Weight  of  rope 3,000  lb. 

Total 12,000  1b. 

The  total  load  on  the  rope  is,  therefore,  actually  0  tons, 
which,  divided  into  60  tons,  the  breaking  strength  of  the 
rope,  gives  us  a  factor  of  safety  of  10,  as  first  assumed. 

The  diameter  of  the  drum  on  which  a  rope  ci>ntaining  l!l 
wires  to  the  strand  is  to  be  wound  should  not  be  less  than  (10 
times  the  diameter  of  the  rope.  Therefore,  tlie  minimum 
size  of  drum  to  be  used  with  a  l^-in.  plow-steol  rope  is  55  ft, 
in  diameter.  Suppose,  however,  that  we  arc  nr,t  limited  as  to 
space ;  we  will  use  a  drum  8  ft.  in  diameter,  because  it  is  easier 
on  the  rope,  and  for  a  given  hoist  a  larger  drum  need  not  be 
so  long;  consequently,  the  engines  will  not  havctn  bespread 
so  far  apart,  and  the  fleeting  of  the  rope  will  not  be  so  great. 
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Wc  arc  now  ready  to  calculate  ihc  work  to  be  done.  From 
the  conditions  laid  down  in  the  beginning,  wc  note  that  the 
weight  of  the  rope  is  balanced  by  the  tiscof  a  tail-rope ;  that 
the  two  cages  and  the  two  cars  balance  each  other,  and  that 
wc  have  only  the  weight  of  the  material,  4,0(io  pounds,  as  a 
net  load,  or,  in  other  words,  an  unbalaneed  load. 

To  this  w«  will  add,  for  accclerating.thc  moving  partK  and 
overcoming  the  Iriction,  lOjt  of  the  gross  load  to  get  the 
actual  load.  By  the  gross  load  we  mean  all  of  the  moving 
parts;  that  is: 

1  lot  of  material 4,000  lb. 

3  mine-cars 4,000  lb. 

S  cages 6,000  lb. 

a  roi>cs 6.000  lb. 

ToUl .20,000  lb. 

2472.  We  take  the  gross  load  for  this  purpose,  because 
it  is  more  nearly  pro|)ortional  li.»  the  friction  and  the  inertia 
than  the  net  load  is.  For  instance,  suppose  in  one  case,  which 
wc  will  calL  Case  A,  we  have  conditions  aa  laid  down  in  our 
pxample;  that  is,  a  d<mbte  shaft  with  two  cages  and  two  cars 
halancing  e.ich  other,  and  hoisting  -l.dlJd  lb.  of  material  at  a 
hoist,  with  a  tail-rope  In  balance  the  main  rope.  The  gross 
load  would  he  20, (HH)  lb.  as  Jibovc.  and  the  net  load  would  be 
4,000  lb.  Then,  suppose  in  another  case,  which  wc  will  call 
Case  B,  wc  have  the  same  conditions,  except  that  no  tail- 
rope  is  to  be  used.     The  gross  load  for  this caee  would  be; 

I  lot  of  material 4,000  lb. 

a  mine-cars 4,000  lb. 

a  cages 6,000  lb. 

1  rope S,000  lb. 

Total 17,000  lb. 

And  the  net  load  would  be: 

1  lot  of  material 4,000  lb. 

1  rope 3,000  lb 

Total 7,000  Ik 


L 
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Now,  it  is  quite  evident  that  there  will  be  less  friction  and 
inertia  to  overcome  in  Case  B  than  in  Case  A,  because  the 
mass  to  be  handled  is  less  by  the  amount  of  one  rope.  We 
have  just  seen  that  the  gross  load  of  Case  B  is  less  than  that 
of  Case  A  by  this  same  amount;  therefore,  the  gross  load, 
the  friction,  and  the  inertia  are  proportional.  The  net  load 
of  Case  B,  on  the  other  hand,  is  greater  than  that  of  Case  A, 
so  it  is  not  proportional  to  the  friction  and  inertia. 

Let  us  suppose  still  another  case,  which  we  will  call 
Case  C,  in  which  we  have  the  same  weight  of  rope,  cage, 
car,  and  material  to  be  hoisted,  but  at  a  single  shaft,  where 
there  is  room  for  only  one  cage  and  car.  We  will  not  have, 
in  this  case,  any  balancing  of  the  cage,  car,  or  rope,  and  our 
gross  load  becomes: 

1  lot  of  material -    4,000  lb. 

1  mine-car 2,000  lb. 

1  cage 3,000  lb.  ' 

1  rope 3,000  lb. 

Total 12,000  lb. 

And  our  net  load  is  the  same.  The  mass  to  be  handled 
in  this  case  is  less  than  that  in  Case  A  by  the  amount  of 
one  rope,  one  cage,  and  one  car;  that  is,  the  two  amounts 
are  to  each  other  as  20  is  to  12,  and  it  will  be  seen,  on  reflection, 
that  the  friction  and  inertia  must  also  be  to  each  other  as 
20  is  to  12,  for  Cases  A  and  C.  Now  the  net  load  in  Case  C 
is  12,000  pounds,  or  three  times  as  much  as  that  in  Case  A, 
so  that  if  we  proportioned  our  work  for  overcoming  the 
friction  and  accelerating  the  moving  parts  according  to  the 
net  load,  we  would  have  three  times  as  much  for  Case  C  as 
for  Case  A,  while  the  mass  to  be  moved  is  only  twelve- 
twentieths  as  much. 

2473.  This  method  of  calculating  the  work  necessary  to 
overcome  the  friction  and  to  accelerate  the  moving  parts  is, 
in  most  cases,  entirely  satisfactory,  although  sometimes  a 
larger  percentage  is  used  if  the  work  is  to  be  of  a  rough 
character,    giving    greater    friction,   or   if  great   speed   of 
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hoisting  ts  to  be  rcquircil,  thereby  calling  for  a  greater 
accelerating  force.  The  amount  of  friction  is  at  bctit  a 
matter  of  judgment  :ind  not  of  calculation. 

Tu  cak'ulati.*  the  work  of  acceleration,  so  much  must  be 
assumed  that  it  is  generally  as  satisfactory  to  assume  the 
work  dircttly.  Furihtrmorc,  as  wc  have  seen,  it  is  neces- 
sary to  ligLrc  on  one  cylinder  to  tlo  the  total  work,  because 
Ihc  second  one  is  at  times  powerless,  and  this  gives  us  some 
extra  power  when  both  cylinders  arc  acting. 

As  has  been  said,  lli)(  of  ibe  gross  load  will  be  added  to 
the  net  load  to  cover  the  work  of  overcoming  ihc  friction 
and  accelerating  the  moving  parts. 

Rule. —  To  find  the  aetttal  loatt  oh  tht  cnginis^  add  tet  ikt 
iU'S  had  I'.if  of  tilt  gross  had. 

The  actual  load  for  the  original  case  will  then  be  4.000 
pounds  plus  lO't  of  20,000  pounds;  that  is,  li,OUU  pounds. 

2474.  The  diameter  of  the  drum  is  w  feet,  and  to  this 
must  be  added  the  diameter  of  the  rope,  IJ  inches,  to  give 
the  working  diameter,  which  is,  therefore,  8.094  feet,  nearly. 

The  working  circumference  is,  then,  S.U94  x  3. 1416  = 
2fi,4;i  ft.,  nearly.  For  every  revolution  of  the  drum,  we 
require  25.4:)  X  0.000  =  152,580  ft.-lb.  of  work  from  the 
engine. 

Rule. —  To  find  tite  -n'ork  r^juired  of  fhf  t»gints  prr  rcvth 
tuthn  of  (in-  drum,  multiply  thr  actual  load  in  pounds  by  tkt 
xuurking  circumferenct'  vf  tkc  drum  in  ftet. 
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2475*     The  origin.il  proposition  calls  for  a  duplex  direct- 
acting  engine.      This   makes  the  revolutions  of  the  engine 
and  drum  equal.     Furthermore,  wc  must  count  on  only  one     i 
engine  to  do  the  work.  ^H 

The  work  performed  in  the  cylinder  of  an  engine  per  revo. 

lution  may  be  calculated  as  in  An.  20A7,  Steam- linginei. 

The  force  is  the  mean  effective  pressure  /'multiplied  by  the 

area  A  of  cylinder  in  squ-ire  inches.     The  distance  muvt 

3  L 
by  the  piston  per  revolution  is  3  /,  inches,  or  --^  feet,  wh« 
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L  denotes  the  length  of  stroke  in  inches.  Using  the  sym- 
bols of  the  article  just  referred  to  and  letting  iv  represent 
the  work  per  revolution,  we  have 

3  PL  A      PL  A 


w  = 
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For  the  present  purpose,  the  formula  must  be  modified, 
because  we  do  not  wish  to  calculate  the  work  that  an  engine 
can  do,  but  wish  to  calculate  the  size  of  an  engine  that  can. 
do  the  work  required  at  the  drum.     The  formula  may  be 
changed  to  read  thus: 

That  is,  ike  area  of  ike  piston  multiplied  by  the  stroke  in 
inches  is  equal  to  six  times  the  work  divided  by  the  mean  effect- 
ive pressure.  The  area  of  the  piston  is  equal  to  .t^f>^.  times 
the  square  of  the  diameter,  or  ^  —  .7854/)*  where  £)'is  the 
diameter.  Let  the  stroke  be  r  times  the  diameter;  that  is,* 
L  =  r  D.  If  we  now  put  these  values  of  A  and  L  in  the 
formula,  it  becomes 

.78542^  Xr/)=^, 

or  .7854rZ>*  =  ^. 

This  formula  can  be  changed  so  as  to  read 

n  =  i.Q7f^-       (211.) 

Example. — What  should  be  the  size  of  the  cylinders  of  a  hoisting- 
engine  which  is  to  perform  152,580  ft.-lb.  of  work  per  revolution,  if 
the  mean  effective  pressure  is  45  pounds  per  square  inch  and  the  stroke 
of  the  piston  is  twice  its  diameter  ? 

Solution. — In  this  case  r  =  3,   since,  if  the  stroke  is  twice  the 

diameter,  r  =  ~~y  =  8. 

a  1 

Applying  formula  211, 

2,  =  1.97  4/^  =  1.97  4/5^  =  23.5  In. 

The  eagioe  should,  therefore,  be  a  duplex  engine  with  cylinders 
J^  Jn.  in  diameter  and  231  x  2  =  47  in.  stroke.    Ans. 

*■.  lii.—n 
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An  engine  of  this  &izc  vill  do  the  hoisiing  at  a  vertical 
sliafi.  1,500  ft.  deep,  wh^rc  tlie  weight  of  material  lo  be 
hoisicd  at  a  trip  is  4,000  lb. ;  the  weight  of  the  niine-car  to 
be  used  is  2,000  lb.,  and  the  weight  of  the  cage  ia  3,tH>0  lb. ; 
two  cages  and  a  tail-rope  being  used,  and  the  mean  cflectire 
pressure  being  45  lb.  per  sq.  in. 

2-476>  Before  applyinK  t  he  formula  to  another  example, 
the  correctness  of  the  nbove  cylinder  sizes  may  be  tested  in 
the  followinjr  manner:  Under  the  head  of  IDiiplex  Kapfines, 
it  was  seen  th.it  when  one  piRton  is  at  the  end  of  its  stroke, 
and  its  crank  is,  therefore,  on  a  dead-center,  the  other 
piston  may  be  called  tipon  to  lift  the  maximiim  load.  In 
such  a  case,  this  othi;r  jii^iton  is  at  about  ^id-stroke  and  its 
crank  is  at  right  angles  to  the  connecting- rod,  or  in  its  most 
effective  position.  Now,  the  ability  of  an  engine  to  rotate 
a  drum  la  measured  by  the  turnini;  moment  ihal  it  can 
exert,  and  the  engine  in  the  above  position  can  exert  a 
turning  moment  a^  follows:  ^H 

The  area  of  the  piston  is  33.5' X  .7854  =  433.7  sq.  ia.^ 
which,  multiplied  by  the  mean  effective  pressure,  45  lb.  pci 
sq.  in,,  gives  I'J.SKJ.S  lb.  as  the  total  pressure  exerted  bj 
the  piston.  This  pressure  is  transmitted  through  the  con- 
necting-rod to  the  crank-pin,  and  nets  on  the  Utter  at  right 
angles  to  the  crank.  The  length  of  the  crank  is  half  the 
length  of  the  stroke,  that  i.\  2IH  inches,  and  this,  mnlliplied 
by  the  acting  pressure  given  above,  is  the  turning  moment 
in  inch-pounds  that  the  engine  will  exert  when  at  one  of  its 
dead-centers.     This  turning  moment  is,  therefore, 

lO.SlC.S  X  23A  -  4.'>»,C38  in.-lb.  ^ 

The  resistanee  that  this  turning  moment  must  overcome 
is  the  opposing  turning  moment  due  to  the  yclual  load  or 
the  drum.  In  the  foregoing  example  this  actual  load  is 
6,000  lb.  The  working  diameter  of  the  drum  is  8.09  ft., 
nearly;  its  radius  is  4.il5  ft.,  nearly,  or  48.C  in.,  and  the 
resulting  turning  moment  is  49.8  in.  x  6,OD0  lb.  =  891,600 
in.,  lb. 

It  will  be  seen  that  this  moment  is  considerably  sm 
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than  that  which  the  engine  exerts,  so  the  cylinder  Is  oi 
ample  size  to  start  the  load. 

2477.  Consider  now  another  example,  similar  to  the 
foregoing,  but  differing  from  it  in  some  of  its  conditions. 
Suppose,  for  instance,  that  the  only  difference  in  the  two 
cases  is  that  a  tail-rope  can  not  be  used  in  the  present  case. 
The  load  on  the  rope  will  be  the  same  as  before,  and  we  will, 
therefore,  use  a  IJ-in.  plow-steel  rope,  which  gives  us  a 
factor  of  safety  of  10.  Of  course,  the  load  on  the  rope  will 
not  be  uniform,  and  it  is  the  maximum  load  that  has.  been 
taken;  but,  then,  it  is  the  maximum  load  that  must  be 
counted  on.  Naturally,  also,  the  same  diameter  of  drum 
will  be  used,   namely,  8  feet. 

Now,  the  conditions  are  that  the  shaft  is  double,  and  con- 
sequently, as  before,  the  two  cages  and  the  two  cars  balance 
each  other;  but  the  net  load  is  the  weight  of  the  material, 
4,000  lb.,  and  that  of  the  rope,  3,000  lb.,  or  a  total  of  7,000 
lb.  To  this  is  added,  as  before,  for  accelerating  the  moving 
parts  and  overcoming  the  friction,  10^  of  the  gross  load, 
which  is  in  this  case 

1  lot  of  material 4,000  lb. 

2  mine-cars 4,000  lb. 

2  cages (5,000  lb. 

1  rope ■  3,000  lb. 

Total 17,000  lb. 

Ten  percent,  of  this  is  1,700  lb,,  and  the  actual  load  to  be 
calculated  for  is  7,000  lb.  +  1,700  lb.,  or  8,700  lb. 

The  working  circumference  of  the  drum  is,  as  before, 
25.43  ft.,  and  for  every  revolution  is  required  8,700  X  25.4;!  = 
231,241  ft.-lb.  of  work  from  one  engine.  "Wc  will  use  the 
same  style  of  engine,  that  is,  a  duplex  engine  and  direct- 
acting;  so  this  is  the  amount  of  power  that  is  necessary 
per  revolution  of  one  engine.  Then,  if  the  same  propor- 
tion of  cylinders  is  adopted,  formula  311  gives 

Z>  =  ^-^"^y^^J  =  2^-59  in-,  say  ao^  in. 
Stroke  =  26-5  X  2  =  53  in. 
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That  is  to  say,  the  engine  should  have  cylinders  2f>^ 
inches  in  diameter,  with  a  53-inch  iitroke. 

It  will  lie  observed  X.ha.1  this  cng'inc  in  cunsidcriibly  larger 
lh3.n  the  tirst  onc>),  yet  it  docs  only  the  Siiiitc  amount  of 
usefuE  work.  It  huists  the  same  weight  of  material,  4.000  lb. 
at  eaeh  hoist,  but  it  also  lifts  the  entire  weight  of  the  rope 
at  starting  when  the  luaded  car  is  at  the  bottom  of  the  shaft. 
The  work  of  lifting  the  rope  is  so  much  energy  thrown 
away.  This  Ii»ss  is  offset  in  some  degree  by  Ihe  wear  and 
tear  of  a  lail-ropc. 

247fi.     Let  us  carry  this  subject  one  step  further  a 
see  what  fiizc  of  engine  wc  would  require  if  it  were  nccc; 
sary  to  hoist  the  &ain«  material  from  a  single  shaft,  that  is, 
the  same  amount  at  one  hoist.     The  load  on  the  ropewoul4' 
be  the  same  as  it  was  in  the  (irst  case: 

Weight  of  material 4,(HX)  lb. 

Weight  of  mine-car 2,000  lb. 

Weight  of  cage 3,000  lb. 

Weight  of  rope 3,000  tb. 

Total .14,000  lb. 

Wc  shall,  ihcreforc,  use  the  same  rope,  a  IJ-incli  plow 
steel  rope,  and  the  same  drum,  8  ft.  in  diameter.  As  the 
shaft  is  single,  there  is  only  one  cage  and  one  car,  so  these 
arc  not  Italanced,  and  the  net  kad  becomes  the  same  as  the 
above  load  on  the  rope,  that  is,  the  same  as  the  gri>ss  load, 
]$,000  lb.  Increasing  this  by  10j(  to  cover  the  work  «1 
acceleration  and  overcoming  the  friction,  we  have  13,:S00  lb. 
for  the  actual  load.  Multiplying  this  by  25.43  feet,  th' 
working  circumference  of  the  drum,  gives  J3o,C7C  ft.<lb. 
Work  to  l>e  done  per  revolution. 

U»ing  fonnula  2 1 1  * 

/)  =  l.!>7  {^l^^-  =  SlXBfi  in.,  say  SOJ  in. 
Stroke  =  30.5  X  a  =  fU  in. 

In  other  words,  the  engine  mu^t  have  cy]inders30|  indwc 
*    'liameter,  with  lil-iocb  Ktroke. 


« 
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A  study  of  the  prcceUiiiii  cxaiiifjlts  is  insiruclivc.  An 
engine  with  30i-inch  by  IJl-incU  cylinders  hoists  only  the 
same  wciicht  of  material  att  the  Brst  cngino  did,  with  'i\i^- 
inch  hy  47-in(-h  cylinders!.  Fiirthermorp,  it  ran  m.ike  only 
half  as  many  hoists  in  agivKii  time  as  the  first  engine  ran, 
because  tt  loses  all  the  time  during  which  it  is  sending  the 
cage  down  for  unolht^r  load,  whereas  in  tht.*  first  and  strand 
cases  a  hoist  is  made  during  ttiut  time.  In  this  third  case, 
the  wcrk  necessary  to  lift  the  rope,  cage,  and  car  h  all  use- 
less worfc,  and  is  so  much  thrown  away.  These  are  cer- 
tainly great  disadvantages,  but  there  are  some  adviintages 
belonging  to  this  last  system.  There  is  only  one  drum,  one 
rojic,  and  one  cage  to  supply  and  keep  in  repair,  and  Ihc 
cost  of  sinking  a  single  shaft  is,  of  course,  much  less  than 
that  of  sinking  a  double  shaft. 

In  many  mining  operations  there  is  great  uncertainty  as 
to  the  permanency  of  the  mine,  because  .^o  little  in  known 
aboat  the  hidden  treasures  that  are  ivmght.  In  such  a 
case,  it  is  often  advisable  to  sink  the  smaller  shaft  and 
endure  the  extravagance  of  hoisiiiig  without  a  balance 

2479.  Suppose  that,  instead  of  being  dirccl-.ictinB,  the 
engine  is  on  the  scct>nd  motion.  It  is  evident  that  the  size 
oE  the  cylinders  can  be  reduced,  althongh  the  horsepower 
will  remain  the  same,  owing  to  the  increase  in  the  number  of 
revolutions.  Thus,  If  the  ratio  of  the  gear  to  the  pinion  is 
3  :  1,  that  i«,  if  it  takes  three  revoluliotis  of  the  pinion  to 
turn  the  drum  once,  the  engine  will  make  (t  strokes  per 
revolution  at  the  drum  instcitd  of  2,  as  in  the  previous  cases. 

U  we  represent  by  r,  the  ratio  nf  the  gear  to  the  pinion. 
in  other  word<:,  if  the  diameter  of  the  gear  is  r,  times  that 
nf  the  pinion,  formula  311  may  be  altered  slightly  to 
apply  to  sccond-molion  engines.     Tt  then  becomes 


J}~\.Q-i\/-^.  {212.) 


Formula  212  may  be  expressed  in  words  as  follows: 
Ti/  diametfr  of  the  ejrIiHiicr  of  a  second' motion  cti^ittc  is 
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1 


tquai  to  J.U7  times  tkt  cuhe  root  of  the  i]uoticHl  oblaina! hy 
dividing  thi  work  it  foot-pounds  pa-  rrtfoluticn  of  drum  tj 
the  iontimu-d  protiuct  of  the  M.  E.  P.  in  pounds  per  squart 
itttJt,  ffif  ratio  of  I  hi'  strobe  to  the  diameter^  and  the  ratio  of 
the  gair  to  the  pinion. 

BxAUPLE. — Suppotw  that  the  work  to  be  done  per  revolution  oif 
drum  \*.  iriS.fjHt)  ft. -Hi.,  that  the  stroke  is  I(  timtrs  th«  diameter,  and 
that  X\\o  Rcar  has  3^  tim««  sb  many  tecih  as  ih«  pinion ;  what  should 
be  the  sine  of  the  cylinders,  the  M.  G.  P.  being  4S  lb,  per  sq.  in.? 

SoLUTiox-— In  thisKisc  r=  I1  =  1.T5,  ao*l  ^1  =  31  =  3.5. 

Applying  furmula  212, 

Then.  A  =  W  x  1 J  =  88  in.    Ans. 

24SO.     St«ain  und  Cumprc»a«d-Alr  Enclncs. — So 

far,  nothing  has  been  saw!  about  the  kind  of  power  utilized 
hy  theengiin;.  It  maj'  Iim  cither  steam  or  compi^ssed  air. 
In  mnst  caHcs,  where  'the  engine  is  located  on  the  surface, 
steam  is  preferable,  because  it  can  be  obtained  directly  from 
the  JKiitcr  without  the  intcr%-enticm  of  an  air-compressor  and 
the  consequent  loss  of  total  efficiency;  but  this  is  not  al- 
ways so.  Consider  ihe  case  of  a  mining  plant  which  has 
compressor.^  for  supplying  air  for  rock-drills,  and  where  it 
becomes  necessary  to  sink  a  shaft  .it  a  distance  from  the 
main  works,  and  at  a  point  where  it  would  be  very  difficult 
to  take  fuel  and  water.  Steam  carried  a  long  distance  In 
pipes  loses  much  by  condensation;  and.  furthermore,  rom- 
prcsscd  air  must  be  carried  to  the  new  shaft  for  the  roclc- 
drills.  It  is  quite  evident,  under  such  circumstances,  that 
the  engine  should  be  supp1ie<l  with  compressed  air  inst 
of  steam. 

Again,  it  is  often  necessary  tohavc  ashaft  or  slope  entip 
ly  underground;  that  is,  to  have  the  hoisting-cnijinl 
drum  placed  there,  too.    In  such  a  l< 
most  always   be   barred  out  on 
moisture  that  wnukl  W  liberated  .idUl  tbC' 
ftther  hand,  the  exhausf 
pressed  air  would 
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air  to  the  miners.  Hoisting-engines  may  then  be  driven  by 
steam  or  compressed  air,  and  it  would  be  well  to  know  which 
is  to  be  used  when  deciding  upon  the  engine, 

2481.  Throttle-Valves.— The  throttle- valve  of  a 
hoisting-engine,  whether  the  engine  is  designed  to  be  run 
by  steam  or  compressed  air,  should  be  balanced,  so  that  it 
can  be  easily  opened  or  shut  by  hand ;  and  it  should  be  of  the 
lever  type,  so  that  it  can  be  opened  or  shut  quickly.  There 
should  also  be  a  supplementary  valve  close  to  the  throttle 
and  easy  of  atfcess,  which  can  be  shut  in  case  of  any  trouble 
with  the  throttle.  This  may  be  of  the  screw  type,  should 
be  absolutely  tight,  and  should  be  closed  whenever  the  en* 
gines  are  to  stand  for  a  considerable  length  of  time. 

2482*  Cylinder  Rellef-Valvea. — In  any  steam- 
engine  some  of  the  steam  that  is  admitted  to  the  cylinder  to 
do  the  work  is  condensed,  partly  by  the  absorption  of  its 
heat  by  the  cylinder  walls,  and  partly  by  the  conversion  of 
its  heat  into  work.  This  produces  water,  which  must  al- 
ways be  taken  care  of.  Let  us  for  a  moment  follow  out  the 
operation  of  an  engine.  The  piston  is  at  one  end  of  the 
cylinder.  Steam  is  admitted  behind  it,  and  forces  it  along 
the  cylinder  to  the  other  end,  condensing  somewhat  during 
that  lime,  and  leaving  the  cylinder  full  of  steam  (at  a  lower 
pressure)  and  water.  The  return  stroke  now  takes  place, 
and  this  steam  is  let  out  through  the  exhaust-valve,  while 
the  water  is  pushed  along  the  bottom  of  the  cylinder,  grad- 
ually increasing  in  depth  as  its  area  is  decreased,  until  it 
reaches  such  a  height  that  it  can  also  get  out  through  the 
exhaust-valve.  It  can  not  get  out  quickly  enough,  however, 
and  towards  the  end  of  the  stroke  the  exhaust-valve  is  closed, 
thus  shutting  in  the  water  that  is  left.  Now,  if  this  amount 
is  more  than  enough  to  fill  the  clearance  space,  that  is,  the 
s[>ace  between  the  piston  at  the  end  of  its  stroke  and  the 
valve,  trouble  will  follow,  because  the  piston  must  go  on  to 
the  end  of  its  stroke,  being  controlled  by  the  revolution  of 
the  crank  and  the  inertia  of  all  the  moving  parts  of  the 
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engine.  At;  water  is  nnn^comprcKsiblc,  the  result  in  such  a 
case  wciuld  probably  bcthc  blowing  out  of  tbc  cylinder  head. 
Now,  with  a  hoist  in  g-cnjf  inc.  where  the  running  is  inter- 
mittent, the  cylinders  have  time  to  coo)  down  conaidcratly 
during  the  stoppajjes,  and  there  is,  consequently,  much  coo- 
densation  at  the  beginning  of  each  hoist.  To  t:ike  care  of 
this  water  of  condensation,  therefore,  all  hoist ing-enginirs 
should  be  provided  with  some  sort  of  rclicf-valvcs.  On 
small  engines  it  has  been  found  sufHcicnt  to  have  drip-cocks 
at  the  bottom  of  each  end  of  each  cylinder,  so  arranged 
that  Ihey  can  be  opened  and  closed  readily  by  the  engineer; 
but  with  larger  engines  it  has  often  been  found  necessary  lo 
have  valves  of  larger  area  held  shut  hy  a  spring,  and  ar- 
ranged to  be  opened  automatically  by  any  excessive  pressure 
in  the  cylinder. 

24S3.  A  very  excellent  device  for  this  purpose  is  a 
combined  rctief'Valve,  such  as  is  shown  in  Fig.  8S2,  or  some 
modification  of  it.     The  idea  here  is  to  have  a  small  valve  A 


opening  in  towards  the  cylinder  and  held  open  by  a  spring,  fl 
lliat  anywuler  that  i.s  in  tl  ■  .,^^^™nd  <«f  ihchottl. 

or  that  would  ar-cumii!;U<^  .'^^^^Bi  Itaky  vdfe*, 

during  a  stoppa|pb^>i  ''  the  ate*"* 

adniM  ■■■■'  I.    ■.  .  .  .^  ..  ■ 
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and  holds  it  shut  by  its  pressure.  Now,  it  will  be  noticed 
that  this  valve  seats  on  another  valve  B,  which  opens  out 
from  the  cylinder,  but  which  is  held  shut  by  a  heavy  spring 
against  any  ordinary  pressure  in  the  cylinder.  In  case  of 
any  excessive  pressure  due  to  water  in  the  cylinder,  or  other 
causes,  this  larger  valve  will  be  forced  open,  and  thus  relieve 
the  pressure. 

DRUMS. 


2484.  Having  considered  the  motors  available  for  a 
hoisting  plant,  the  next  subject  requiring  attention  is  that 
of  the  drums.  These  are  of  four  kinds,  which  will  be  taken 
up  separately.  They  are  as  follows:  Cylindrical  Drums ; 
Conical  Drums ;  Reels;  Rope  Wheels. 


CYLINDRICAL    DRUMS. 

24S5>  Cylindrical  drums  probably  form  the  largest 
class  of  drums  in  use.  Fig.  888  shows  a  cylindrical  drum  o£ 
the  simplest  type.  This  is  a  plain  iron  cylinder  with  a  flange 
at  each  end  to  prevent  the  rope  from  running  off.  It  is 
designed  for  a  hemp  or  manilla  rope  and  for  a  short  hoist. 
Its  diameter  is  too  small  to  allow  an  iron  or  steel  rope  to  be 
wound  upon  it,  and  it  has  not  the  capacity  to  wind  any 
considerable  length  of  rope,  although  in  a  case  like  this  it 
would  be  permissible  to  allow  the  rope  to  wind  upon  itself 
after  once  filling  the  drum.  Fig.  889  shows  a  slmihir  drum 
of  larger  diameter.  Such  a  drum  is  also  only  applicable  to  a 
short  hoist,  although  it  would  be  large  enough  to  wind  the 
small  sizes  of  iron  and  steel  ropes.  In  Figs.  890  and  891  are 
shown  two  cylindrical  drums,  essentially  alike,  built  for 
larger  and  heavier  service.  These  are  each  of  cast  iron,  and 
each  has  a  spiral  groove  cast  or  turned  in  it  for  the  rope  to 
lie  in  as  it  is  wound.  In  such  cases,  and,  in  fact,  whenever 
metal  ropes  are  used,  it  is  not  good  practice  to  allow  the  rope 
to  wind  upon  itself,  because  the  different  coils  wear  upon  each 
other,  although  this  is  sometimes  done.  The  drum  should 
be  built  large  enough  to  take  the  full  length  of  the  rope 
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required  by  the  hoist,  running  over  the  drum  only  once.  For 
example,  suppose  we  are  required  to  make  a  hoist  of  1,000  feet 
and  to  lift  a  load  which  would  require  a  l^J-inch  steel  rope. 
The  diameter  of  the  smallest  drum  which  it  would  be  advisable 
to  use  is  li  in.  X  f>0  =  6i  ft.,  and  the  diameter  at  the  center 
of  the  rope  when  wound  upon  the  drum  is  6  ft.  4J  in.  The 
corresponding  circumference,  or  the  length  of  one  coil  of  rope, 
is  nearly  20  ft.  To  wind  1,000  ft.  would  require  1,000  ^  20  =: 
60  turns  on  the  drum.  To  this  should  be  added  at  least  one 
turn,  say  one  and  a  half  turns,  at  the  end  of  the  rope,  to 
afford  friction,  so  that  all  the  strain  will  not  come  on  the 
fastening;  and  about  three  turns  should  also  be  added  for 
possible  overwinding.  This  makes  54i-  turns  to  be  allowed 
for  on  the  drum.  If  the  drum  is  of  iron  with  grooves 
turned  in  it,  we  must  allow  ^  inch  between  adjacent  parts 
of  the  rope,  or  1^-  inches  from  the  center  of  one  turn  to  the 
center  of  the  next  turn.  This  gives  6i|  X  1^  inches  =  81i 
inches,  or  6  feet  9J  inches  for  the  length  of  the  drum 
between  the  flanges, 

2486.  The  drums  shown  in  Figs.  890  and  891  are  made 
of  cast  iron,  in  one  piece,  and  are  of  the  design  shown  in 
Fig.  893.     This  makes  a  very  good  drum  for  small  sizes. 

The  smaller  sizes  of  drums,  such  as  have  just  been  con- 
sidered, are  also  often  made  of  wooden  lagging  carried  on 


Fig.  Sftl. 


cast-iron  spiders.  In  this  case  it  is  not  necessary  to  allow 
the  }  inch  clearance  between  the  coils  of  the  rope.  It  can 
wind  against  itsulf,  and  so  take  up  only  I^  inches.      The  drum 
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Toukl  then  need  to  be  5i^  x  1^  inchcs=  CS^  inches,  or  5  feet 
^  inches  long.  Sui-h  :i  drum  as  this  is  shown  in  Fig.  894. 
It  is  inlcndeii  for  a  direci-aciing  hoisung-tngiiiu,  .-I  bring 
both  the  drum  sliaf i  and  the  crank-shaft.  B  and  5'  are  the 
journals,  and  C  and  C  are  the  ends  to  which  the  cranks 
arc  fastened.  Two  kinds  of  cast-iron  spiders  1)  and  D'  are 
ftbown,  one  with  a  flange  and  one  vrithout.  The  spider  with 
a  Flange  is  belter  than  the  other,  but  it  costs  more,  and  if  a 
flange  is  not  used,  extra  Icriglh  must  be  added  to  insure  that 
the  rope  shall  not  run  off  the  end.  In  very  long  drums  oE 
this  style,  it  Is  found  necessary  to  add  a  third  spider  midway 
between  the  other  two  to  stiffen  the  drum  against  collapsing. 


Fia.aM. 

The  lagRinff  is  bolted  to  the  spiders,  and  the  bolt-heads 
should  be  counter^tunk  inlu  it  so  as  to  clear  the  rope  after  it 
has  bedded  itself  into  the  wood. 

2-4t(7<  Larger  drums  than  the  foregoing  are  often 
necessary,  in  order  to  wind  larger  ropes  and  greater  lengths 
of  Fopc.  They  arc  found  as  large  as  .10  feet  in  diameter 
and  ^  feet  long.  Such  drums  an;  nrccssadly  built  up  of 
several  pieces.  There  is  the  hub,  or  sleeve,  to  go  on  the 
shaft,  made  either  in  one  or  two  pieces,  and  with  or  without 
arms.  Then  there  is  the  rim,  marie  up  of  four,  six,  or  eight 
segmentB,  boltetl  together  to  form  a  cylinder.  And,  finally, 
there  are  the  arms.  These  are  made  of  cast  iron,  and  de- 
signed to  withstand  compression,  or  of  wrought  iron,  and 
designed  !o  withstand  tension.  The  latter  method  makes  a 
lighter  drum,  though  possibly  a  more  expensive  one. 


J 
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CONICAL    DRUMS. 

2488.  The  conical  drum  is  similar  to  the  cylindrical 
drum,  except  in  the  form  of  its  winding  surface,  which  is  in 
the  shape  of  a  frustum  of  a  cone  instead  of  in  the  shape  of 
a  cylinder.  Conical  drums  are  designed  to  take  the  place 
of  cylindrical  drums  when  it  is  necessary  or  advisable  to 
equalize  the  load  on  the  engines  due  to  the  weight  of  the 
rope.  Suppose  we  have  a  single-compartment  vertical 
shaft  800  ft.  deep;  that  we  are  required  to  hoist  5,000  lb.  of 
material  at  a  trip;  that  the  weight  of  the  mine-car  to  he 
used  is  3,000  lb. ;  and  that  the  weight  of  the  cage  is  3,000  lb. 

The  load  on  the  rope  would  then  be: 

Weight  of  material 5,000  pounds. 

Weight  of  mine-car 3,000  pounds. 

Weight  of  cage 3,000  pounds. 

Weight  of  rope,  say 3,00f)  pounds. 

Total 14,000  pounds. 

Let  us  use  a  cast-steel  rope  having  19  wires  to  a  strand 
and  a  factor  of  safety  of  about  10.  The  breaking  strength 
of  the  rope  should  then  be  about  14,000  lb.  X  10,  or  UO.OOO 
lb.  By  consulting  Table  4(1,  it  is  seen  that  a  l|-inch  rope 
has  a  breaking  strength  of  (IK  tons,  or  12fi,000  lb.,  and  that 
800  ft.  of  it  weighs  2,400  lb.  Using  this  corrected  weight 
to  sum  up  the  load  on  the  rope,  we  have,  instead  of  the 
above. 

Weight  of  material 5,000  pounds. 

Weight  of  miiie-car 3,000  pounds. 

Weight  of  cage 3,000  pounds. 

Weight  of  rope 2,40(t  pounds. 

Total 13.400  pounds. 

The  breaking  strength  divided  by  this  total  load  gives  9.4 
as  the  factor  of  safety,  which  is  sufficient.  Now,  the  mini- 
mum diameter  of  a  drum  on  which  a  l|-incli  rope,  having 
1'.)  wires  to  the  strami,  should  i)e  wound  is  60  times  the 
iliainelcr  of  the  rope,  <}r  1|  in.  X  00  —  82J  in.,  or  nearly  7  ft. 
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Let  us  then  decide  upon  a  drum  7  ft.  in  diameter,  and  we 

have  the  necessary  data  to  go  on  with  our  calculation.     At 

the  beginning  of  the  hoist,  when  the  cage  is  at  the  bottom 

and  has  a  loaded  car  on  it,  the  load  is  13,400  pounds,  as 

above.     This  load  is  supported  at  the  circumference  of  the 

drum,  and  if  we  multiply  it  by  the  radius  of  the  drum,  we 

vill  have  a  turning  moment  that  must  be  overcome  by  the 

engine  in  order  to  make  the  hoist.     This  turning  moment  is 

13,400  pounds  x  3^  feet,  or  4fi,000  foot-pounds.     At  the  end 

of  the  hoist  the  load  is  11,000  pounds. 

That  is, 

Weight  of  material 5,000  pounds. 

Weight  of  mine-car 3,000  pounds. 

Weight  of  cage 3,000  pounds. 

Total 11,000  pounds. 

Multiplying  this  by  the  radius  of  the  drum,  the  turning 
moment  is  11,000  pounds  X  3^^  feet,  or  38,500  foot-pounds. 
Prom  this  it  appears  that  with  a  cylindrical  drum  the  load 
against  the  engine  is  much  greater  at  the  beginning  of  the 
hoist  than  it  is  at  the  end  of  the  hoist. 

2489.  Let  us  now  examine  another  case.  Suppose  we 
have  a  double-compartment  vertical  shaft  of  the  same  depth, 
and  that  we  are  to  hoist  the  same  amount  of  material  at  a 
trip,  in  the  same  mine-car  and  on  the  same  cage;  but  that 
-  an  empty  car  and  cage  will  be  lowered  in  one  compartment 
*hile  the  loaded  car  and  cage  are  hoisted  in  the  other.  The 
t'ocars  will  then  balance  each  other,  the  two  cages  will 
halanceeach  other,  and  the  loads  will  be  as  follows:  At  the 
^[inning  of  the  hoist,  when  the  loaded  car  and  cage  are  at 
tiK  bottom,  the  gross  load  is  13,400  pounds. 
Thatia. 

Weight  of  material 5,000  pounds. 

^^lit  of  mine-car 3,000  pounds. 

cage 3,000  pounds. 

2,400  pounds. 

13,400  pounds. 
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Multiplying  this  by  the  radius  of  the  drum,  the  gross  turning 
moment  is  13,400  pounds  X  3^  feet,  or 46,900  foot-pounds,  as 
before,  but  there  is  a  counterbalancing  load  of  6,000  pounds. 
That  is, 

Weight  of  mine-car 3,000  pounds. 

Weight  of  cage 3,000  pounds. 

Total 6,000  pounds. 

This  means  a  counterbalancing  turning  moment  of  C,OO0 
pounds  X  3^  feet,  or  21,000  foot-pounds.  The  net  turning 
moment  to  be  overcome  by  the  engine  at  the  beginning  of 
the  hoist  is,  therefore,  46,900  —  21,000  =  25,900  foot-pounds. 

At  the  end  of  the  hoist  there  is  a  gross  head  of  11,000 
pounds. 

That  is, 

Weight  of  material 5,000  pounds. 

Weight  of  mine-car 3,000  pounds. 

Weight  of  cage 3,000  pounds. 

Total 11,000  pounds. 

This  is  equal  to  a  gross  turning  moment  of  11,000  pounds  X 
3^-  feet,  or  38,500  foot-pounds.      We  also  have  a  counter- 
balancing load  of  8,400  pounds. 
That  is. 

Weight  of  mine-car 3,000  pounds. 

Weight  of  cage 3,000  pounds. 

Weight  of  rope 2,400  pounds. 

Total 8,400  pounds. 

This  is   equal   to  a   counterbalancing   turning  moment  o' 

8,400  pounds  X  -ii  feet,  or  2i),4(iO  foot-pounds,  and  leaves  a 
net  turning  moment  against  the<'!ijj;incof  38,600  —  29,400  = 
9,100  foot-pounds.  In  other  words,  the  turning  moment 
that  the  engine  has  to  supply  varies  from  25,900  foot- 
pounds at  the  beginning  of  the  hoist  to  0,100  foot-pounds  at 
the  end  of  the  hoist. 

2490.  It  is  to  equalize  the  two  loads  and  to  give  the 
engine  the  same  amount  of  work  to  do  throughout  the  hoist 
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that  we  resort  to  the  conical  drum;  for  it  will  readily  be 
seen  that  the  great  difference  in  the  two  loads  figured  is  due 
to  the  weight  of  the  rope,  and  that  if  the  radius  of  thedrum 


Fig.  BBS.  Fig.  WiG. 

varies  in  the  opposite  direction  tn  the  variation  in  the  load 
due  to  the  rope  it  will  eliminate  this  diirrrcnce.  To  dctor- 
mine  what  these  radii  nf  the  drum  should  be,  wc  will  Tvfvr 
to  the  accompanying  diagrams,  Figs.  8^5  and  8'J(>,  which 
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represent  the  proposed  hoist  fitted  with  eonical  drums, 
Fisr-  SfiJS  we  have  the  oondition  at  the  beginning  of  the 
hoist.  Cage  J^  is  at  the  bottom  and  carries  n  loaded  car; 
cage  7*  is  at  the  tup  aud  carries  an  empty  <.ar;  and  we  arc 
ready  to  make  the  hoisi.  The  turning  moment  which  the 
engine  must  overcome  i»  equal  to  the  weight  of  the  material 
to  be  hoisted  plus  the  weight  of  the  cage  and  car  at  7%  plus! 
the  weight  of  the  rope,  multiplied  by  the  small  radius  of  the 
drum,  minus  tlm  weight  of  the  car  at  7*,  multiplied  by  the 
]a.rgc  radius  of  ilie  drum. 

Suppose  now  that  the  hoist  has  been  made  aud  that  wc 
have,  as  shown  in  Fiy.  8M,  the  condition  of  things  at  ihe 
end  of  the  hoist.  The  cage  with  the  loaded  car,  which  was 
at  li  and  hanging  on  the  small  diameter  of  the  drum,  is  nov 
at  the  top  at  /.and  hanging  on  the  large  diameter.  The 
cage  with  the  emply  ear,  which  was  at  T  and  hanging  oa 
the  large  diameter  of  Uie  drum,  is  now  at  the  bottom  at  E 
and  hanging  on  the  small  diameter.  The  turning  moment 
wliLcli  the  engine  mu^t  overcome  i»  now- equal  lo  ihe  weight 
of  the  material  hoisted  plus  the  weight  of  the  cage  and  car 
at  /,,  multiplied  by  the  large  radius  <if  the  drum,  minus  the 
weight  of  the  cage  and  car  at  A,  plus  Ihe  weight  of  the  rope, 
multiplied  by  the  small  radius  of  the  drum. 


24B1.  Now  what  \f,  desired  is  that  the  load  against  the 
engine  at  the  beginning  of  the  hoist  shall  be  equal  lu  i  hat  at 
the  end  of  the  hoist.  To  determine  what  diameters  of  drum 
will  produce  such  an  effect,  wc  have  simply  to  make  ait 
equation  of  the  two  loads,  and  then  solve  llie  equation  ft" 
the  relation  between  the  two  di;»mtters. 

Let  M=  the  weight  uf  material; 

C  =:  the  weight  of  cage  and  car; 
R  —  the  weight  of  rope; 
D  ■=  the  large  diameter  nf  drum; 
d  =  the  small  cHanieler  of  drum. 

Then,  writing   down    the   loads,  as  above,   wc  get 
equation : 

[Al  ■\-  C  ^  R\d  ~  C  y.  D=\,M  ■\-  C)D-  (C+  R)d, 


4 
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It  will  be  noted  that,  instead  of  the  radii  of  the  drum,  as 

used  before,  we   have  here  used   the  diameters.     That   is 

because  we  generally  speak  of  the  diameter  of  a  drum  and 

not  its  radius,  when  referring   to   its  size.     In  dsing  the 

radius,  we  obtain  the  actual  moment  in  foot-pounds,  but  in 

this  case  we  do  not  care  for  the  actual  moment.     We  only 

want  their  relative  values,  and  these  can  be  obtained  just 

as  well  by  using  the  diameters  for  the  multipliers. 

To  solve  the  above  equation,  we  will  proceed  as  follows: 

Add  C  X  -D  io  both  sides  of  the  equation,  and  we  have 

(>/+  C+  R)ii={M+C)I?-(C+J?)(i+Cx  D. 

Add  {C-\-R')d\i>  both  sides,  and  we  have 

which  turned  about  is 
This  may  be  written 

Dividing  both  sides  by  (JZ+SCT),  we  have 

Rule. —  To  find  the  large  diameter  of  a  conical  drum,  mul- 
tiply the  small  diameter  by  the  weight  of  (he  material  to  be 
hoisted,  plus  twice  the  weight  of  the  cage  and  car,  plus  tu'ice 
the  weight  of  the  rope;  divide  this  product  by  the  zveight  of 
the  material,  plus  twice  the  xveight  of  the  cage  and  car. 

Applying  this  rule  to  the  plant  that  we  have  been  con- 
sidering, we  have 

7  (5.000+12.000+  4.800)_  ■ 

""  (5,000  +  12,000)  ^■■""'•■ 

The  drum  would  then  be  7  ft.  in  diameter  at  the  small 
ends  and  8  ft.  114-  in.  at  the  large  ends. 

2492.  Conical  drums  are  more  expensive  to  build  than 
cylindrical   drums,   and   they  are   not,   therefore,    used   as 
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often.     In  capacity,  they  range  as  large  as  the  lar] 
cylindrical  drums. 

For  hoisting  from  shaflB  less  than  2,000  ft.  deep,  cyUn- 
dric^I  and  conical  drums  answer  very  well,  but  for  hoisting 
from  shafts  of  grvaler  depths,  they  arc  nut  entirely  satis* 
factory.  As  has  been  said,  it  is  not  good  practice  to  wind 
the  rope  upon  itself;  and  li>  wind  it  in  a  Hingk  layer  ana 
drum,  when  there  are  three  or  four  thousand  feet  of  it, 
requires  a  very  large  drum.  A  very  large  drum  is,  of 
course,  very  heavy  and  costly.  The  great  weight  is  objcc- 
iLonahle  because  it  forms  a  mass  1o  be  put  into  motion 
and  brought  to  rcsl  ut  each  hoist,  thus  making  the  action 
slow  or  requiring  surplus  power  in  the  engines  for  the 
purpose.  It  requires  a  large  ^huft  and  large  bearings  to  | 
carry  it.  The  great  length  of  drum  neoessiiates  the 
placing  of  the  engines  far  apart,  and  this  adds  to  llie  cost  of 
the  engines,  fonndaiions,  and  building.  It  also  makes  the 
fleeting  of  the  rojie,  as  it  winds  upon  the  drum  from  one 
end  to  the  other,  excessive,  and  this  requires  that  the  drum 
shall  bo  placed  at  a  considerable  distance  from  the  shaft  and 
that  carrying  sheaves  shall  be  used.  ^H 

Because  of  these  objections,  other  styles  of  drums  ha«^^ 
been  tried  with  varying  success.     These  are  the  Reels  and 
the  Rope  Wheels  before  mentioned. 


J 


REELS. 
2493.  RccU  are  small  narrow  drums  with  high  flanges, 
used  for  winding  flat  ropes.  A  drum  of  this  style  is  illus- 
trated in  Fig.  «a7.  The  hub  is  increased  in  diameter  above 
what  is  necessary  for  strength  to  such  a  hire  as  is  suitable 
to  wind  the  rope  upon.  1 1  is  then  cured  out  from  the  inside, 
so  as  not  to  leave  loo  great  a  mass  ot  metal.  From  the  hub, 
arms  of  a  T  cross-section  extend  out  radially  to  serve  as  a 
flange  to  support  the  rope  laterally  when  it  is  all  wound 
upon  the  reel.  These  arms  are  connected  at  their  outer 
ends  by  a  rontinuons  flange  having  nearly  an  L  cross-section, 
which  is  fiart'd  out  so  as  to  take  the  rope  ca:uly,  if  it  is  de- 
flected sideways  at  all.     The  rope  winds  at  Hrsi  upon  the 
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•liameter  A  A  and  ibcn  upon  itself,  sn  that  the  diameter 
<i  the  reel  increases  ast  the  hoist  ts  made  and  as  the  load  due 
to  the  rope  decreases.     This  serves  to  equalise  the  load  due 


Ftr,  wr 
n  the  rope  in  the  same  manner  as  a  cnnical  drum  does. 
iro  rcclii  arc  generall)'  put  upon  the  same  shaft,  and  while 
one  is  hnieling  from  one  com  par  I  in  ent  of  a  shaft,  the  other 
b  lowering  into  another  compartment. 

2494.  I-ct  UR  tnkc  a  cisc  of  this  sort  and  calculate  the 
diameters  of  the  hub  and  llanges  of  the  reel,  and  the  size  of 
the  rope  that  should  be  used.  Suppose,  for  instance,  that 
ve  ba%x  a  two-compartment  vertical  shaft  2,000  feet  deep; 
Ibat  wc  arc  rc(iuired  to  hoi^t  fi,<KiO  pounds  of  material  at  a 
trip,  and  that  we  arc  to  hoist  it  in  a  self-dumpin^f  skip 
•eiKhinjt  3.WH>  poundsi. 

The  method  of  raltulatlon  will  he  somewhat  similar  to 
that  used  in  determining  the  sizes  of  a  conical  drum,  but  nut 
direct,  because,  in  this  case,  there  is  another  variable 
quantity  to  contend  with  in  the  size  of  the  rope.  When 
using  s  round  rope,  we  can  tell  directly  by  referring  to  a  table 
hat  diameter  of  rope  should  be  used  for  a  given  load ;  but. 
uun^  a  flat  rope,  we  e.in  not  tell  by  referring  to  the  table 
hat  »iK   of    rope  should  be  used,  because   we  find  that 


A 
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several  nipes  give  liie  desired  strength ;  yet  wc  ilo  not  knor 
what  thickness  will  e^uit  the  uthcr  conditioni^.  We  must, 
therefore,  resort  to  the  method  of  "trial  and  error"  or  use 
algebra.  Wc  will  use  llie  former.  This  will  be  clearer  lo 
the  student  as  we  proceed  with  the  probk-m  before  us. 

Referring  t<i  Tabic  +9,  Art.  2527,  wc  find  that  a  llai 
steel  ropewithabreakinsr  strength  of  IiVt.OdO  pounds  wcigli*. 
5.15  pounds  per  foot;  hence,  i.itm)  feet  of  it  wcijth   3.UIH1  X 
6.15  —  10,300  pounds.     The  total  load  on  the  rope  wvuk3 
then  1x3  1S,300  pounds. 

That  is, 

Weight  of  material 5,000  pounds. 

Weight  of  skip 3,onri  pounds. 

Weight  of  lupc 10,30U  pounds. 

Total 18, 300  pounds. 

This  rope  would  give  a  factor  of  safety  of  8.4,  which  isnot 
quite  enough  when  figuring  from  the  dead  load  without  that 
due  to  resistance  of  friction  and  acceleration. 

A  similar  rope  with  a  breaking  ittrength  of  204.(MXl poords 
weighs  0,86  pounds  per  foot;  hence,  2, OHO  feet  of  it  vmgh 
2.000  X  6.8(i  —  i:l,*2i>  pounds.     The  load  en  the  rope  wouW 
then  be  21,720  pounds. 
That  is. 

Weight  of  material 0,000  pounds. 

Weight  of  skip 8,000  pound.s. 

Weight  of  rope 13,?2<l  pounds. 

Total 81,720  pounds. 

This  rope  gives  a  factor  of  safety  of  9.4,  which  is  ((uitr 
satisfactory. 

Substituting  the  foregoing  weights  of  material,  skip,  aixl 
rope  in  formula  21 3,  we  have 

„_  ^/(.i.omi  -I-  (i,000+  27,440) 
(.%0004-O.000) 

In  other  words,  the  large  diameter,  or  that  of  the  last  coU 
of  rope,  should  be  3.5  tiuics  the  small  diameter,  or  that  of  tbe 
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reel  hub.  If  we  assume  the  reel  hub  to  be  4  feet  in  diame- 
ter, the  last  coil  of  the  rope  should  be  3. 5  X  4  feet,  or  14  feet, 
in  diameter,  and  we  have  such  a  coil  of  rope  as  is  shown  in 
Fig.  898. 

The  area  of  a  circle  14  feet,  or  168  inches,  in  diameter  is 
2'J,167  square  inches,  and  the  area  of  a  circle  4  feet,  or  48 
inches,  in  diameter  is  1,810  square  inches.     The  difference 


pio.  na 

between  these  area,  or  20,357  square  inches,  is  the  area  of 
the  annular  ring;  which  represents  the  rope.  Now,  the 
original  proposition  was  that  this  rope  should  be  2,000  feet, 
or24,0O0  inches,  in  length.  If,  then,  we  divide  the  area  of  the 
rope  by  its  length,  we  will  have  its  width,  which  in  this  case, 
of  course,  means  its  thickness.  That  is,  20,357  -~-  24,000  =: 
.84  inch,  which  is  the  thickness  of  a  rope  that  would  fulfil 
our  requirements  when  wound  upon  a  reel  with  a  4-fout 
hub.  This  is  considerably  thicker,  however,  than  good 
practice  would  sanction,  the  thinner  ropes,  such  as  f  in., 
fin.,  and  f  in.,  being  most  in  favor. 
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To  obtain  a  ihiiiner  rnpc  Chat  wit]  answer  the  same 
pose,  we  will  assume  a  reel  Iiiib  3  feet  in  diameter-    The 
last  coil  of  rope  will  then  be  3.B  X  3  feet,  or  lOJ  feel,  in 
diameter,  and  we  have  an  annular  ring  of  rnpc,  as  before. 
The  area  of  a  circle  ]0^  feet,  or  13il  jnclies,  in  diamflcr  is 
12,4l!9  square  inches,  and  the  area  of  a  circle  3  feet,  ot  3fl 
inches,  in  diameter  i«  1,018  siqnare  inches.     The  difference 
bctwcun   these  is  11,4.M    square  inches,  or  the  area  of  the 
rope,  and  this,  divided  by  the  required  length,  as  Iiefore, 
^vcs  .48  inch  as  the  thickness  of  the  rope.     Call  this  (  inch. 
We  find,  by  referring  to  Tabic  40,  that  a  ^inch  hy  8>indi 
rope  is  the  one  wc  want.     Wc  then  have  fur  the  dimensions 
of  our  reel — diameter  of  hub,  'i  feet ;  width  between  flanges, 
8^    inches,    allowing  ^  inch  on  each  side  of  the  rope  for 
clearance;  diameter  of    the  flanges  where  they  flare  out, 
lOi  fcrt. 

2405.  Reels  hare  the  advantage  of  being  light  and 
inexpensive  to  build.  They  are  very  narrow  and  require 
very  short  drum  shafts,  thus  allowing  the  engines  to  come 
close  together,  and  reducing  the  necessary  foundations  and 
building.  They  allow  a  parliaJ  equalization  of  the  load  on 
the  engines,  due  to  the  rope,  and  they  do  not  require  any 
fleeting  of  the  rnpc.  These  advantages,  however,  are  more 
than  count crhala'nccd  hy  the  disadvantages  due  to  the  use 
of  a  flat  rope,  Thc^e  will  be  con.sidcrefl  later  in  their 
proper  place.  Reels  and  flat  ropes  arc  used  to  some  extent 
in  the  Western  mining  camps  of  the  United  States  and  in 
England.  In  the  latter  place  they  are  no  linger  in  favor 
among  engineers,  and  several  of  them  have  been  talcen  oat 
to  be  replaced  by  drums  using  round  rope*. 


ROPR  WtlBBLS. 
24d6.  Rope  n-ltcviM,  as  wc  speak  of  them  here,  are 
wmply  very  short  cylindrical  drums,  so  short  that  only  a 
few  turns  of  the  rope  are  accommodated.  They  arc  used 
for  hoisting  in  two  systems :  //ir  Kaep^  system  ai\d  Me  Whi- 
ting system,  both  of  which  use  round  ropes,  and  are  designed 
to  overcome  the  objections  to  cylindrical  and  conical  drums. 


I 
I 


I 


I 
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2407.     TUc    Kovim:   SyMcm.— This  may   briefly   be 

Said  to  cmsist  in  the  suhsttuition  r>l  a  Kiii^jle-groovwl  rope 
wheel  in  place  uf  ihc  ordinary  drum.  Tlic  vriiidin^-rope 
passes  fruin  one  cage  tip  over  its  head  sheave;  from  there 
around  the  drum  andlKick  over  the  other  head  sheave,  then 
down  lo  the  second  cage.  It  simply  encircles  alintit  half 
the  periphery  of  the  drum  in  Ihc  same  manner  as  a  dri ring- 
bell  on  an  ordinary  pulley,  and  is  driven  by  the  friction 
between  ihe  two.  There  iif  a  balance  ro|>e  beneath  the  t-age, 
and  the  arrangement  is,  therefore,  an  endless  rope,  with 
the  cagc»  fixed  al  the  proper  points.  The  arrangement  is 
shown  in  Pig.  SOU.     The  drum  must,  of  course,  be  strixiger 


I 


the  ordin.iry  cirrv* 
ing  sheave,  beeau.tc  it  has 
to  do  the  driving.  It  is 
usually  lined  with  hard- 
irood  in  which  a  groove  is 
made  to  receive  the  wind- 
ing-ropc,  the  depth  of  this 
p»ove  being  generally 
equal  tp  twice  the  diam- 
eter of  the  rope,  Instrail 
of  being  placed  parallel, 
the  head  sheaves  arc  placed 
at  an  angle  with  each  otti- 
pointing  each  to  the 
JVC  in  the  drum.    This  f..,.  w. 

'rtdnccs  the  side  friction  of  the  rope  on  the  sheaves.     This 


zK 


d 
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system  has  been  in  operation  in  Europe  since  IS?"  E*- 
periincnt»  made  upon  it  have  determtned  that,  »'ith  a 
passing  only  one-Iialf  turn  around  llie  drum,  tlie  coefficient' 
of  aUhesiun  is  aljuut  ilO^.  This  was  with  clean  ropes,  if 
the  ropes  are  oil<>d,  the  adhesion  becomes  less,  and  elippage 
occurs,  which,  of  course,  is  very  objectionable.  Slippage  in 
such  a  case  not  only  results  in  the  wear  of  iha  drum  lining, 
but  it  makes  the  reading  of  the  hoi;>t  indicator  incorrect, 
and  leads  to  possible  overwinding.  Of  course,  if  the  hoirt 
is  indicated  by  marks  on  Uie  rope,  and  if  the  engineer  cin 
see  the  cage  it.ielf,  this  is  not  so  serious. 

At  the  end  of  the  hoist,  if  the  upper  cage  is  allowed  lo 
rest  on  the  keeps,  its  wright  and  the  weight  of  the  balance 
rope  arc  taken  tifT  from  the  hoisting  rope.  The  consequence 
is  that  there  is  not  enough  weight  left  on  the  hoisting  rope 
to  produce  sufficient  friction  with  the  drum  to  start  Ihc 
next  hoist.  To  prevent  this  trouble,  the  keeps  have  beta 
dispensed  with,  or  else  the  rope  has  been  made  continuoo* 
and  indepentient  of  the  cage.  To  do  this,  cross-heads  have 
been  added  above  and  bclnw  each  cage,  and  connected  by 
ropc-s  or  chains  outside  of  the  cages.  The  bridle  chainsaro 
then  hung  from  the  top  cross-head,  and  when  the  cage  rests 
on  the  keeps  the  weight  of  the  hoisting  and  balance  ropes 
remains  on  the  dr\im. 

This  system  has  its  advantages  and  disadvantages.  Only 
one  drum  is  necessary  for  the  operation  of  two  compart* 
mcnts,  and  it  is  tight  and  inexpensive  to  build.  It  18 
also  very  narrow,  admitting  of  a  short  drum  shaft  and  small 
foundations.  The  system  permits  a  perfect  balance  of  rope 
and  cage,  so  that  the  work  lo  be  done  by  the  engines  is  uni- 
form, except  for  the  acceleration,  and  consists  only  in  lift- 
ing the  material  and  overcoming  the  friction.  There  is  no 
fleeting  of  the  rope  as  it  runs  to  and  from  the  drum. 

Yet  with  these  points  in  its  favor,  it  has  disadvantaged 
whirh  prevent  i^s  being  used  to  any  considerable  extent 
Probably  the  greatest  objection  to  the  system  is  the  liability 
of  slippage  of  the  rope  on  the  drum.  This,  of  course,  must 
not  occur,  or  there  will  be  no  end  of   trouble.      Another 
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objection  is  thut  if  the  rope  breaks  bc)ih  cages  will  surely  go 
to  the  bottom.  Still  another,  and  a  very  important  one,  is 
that  hoisting  from  different  levels  can  not  be  done  with 
entire  sat i.sf action.  Thi^it  is  because  tlie  cages  arc  at  a  fixt-d 
distance  from  each  other.  The  length  of  the  rojx;,  of  course, 
is  such  that  when  one  cage,  whith  wc  will  coll  .-I,  is  at  the 
top,  the  other  cage,  which  we  will  rail  Ji,  is  at  the  bultom. 
If  hoisting  is  to  be  done  from  the  bottom,  this  is  satisfactory; 
but  if  hoisting  is  lo  be  done  from  some  uppi-r  level,  cage  B^ 
which  is  at  the  bottom,  must  go  tip  to  that  level  and  be 
loaded  before  it  can  go  tu  the  top.  Then,  when  cage  B 
goes  to  the  top  with  its  load,  cage  A  must  go  clear  down  to 
the  bottom,  wait  there  while  cage  H  !»  being  unloaded,  go 
up  to  the  upper  level  and  receive  its  load  before  it  can  start 
on  its  upward  trip.  For  each  trip,  therefore,  the  time  is 
lost  that  is  necessary  for  a  cage  lo  go  from  the  bottom  to 
the  upper  level  and  bu  loaded ;  and  two  movements  of  the 
engines  are  necessary  to  make  a  hoist  instead  of  one,  as  it 
fthould  be.  If,  when  cage  A  went  to  the  top,  cage  H  wi.-nt 
down  only  to  the  desired  level,  and  was  being  loaded  there 
while  cage  A  was  being  unloaded,  it  would  be  ready  lo  go 
to  the  surface  with  its  load  directly,  and  this  loss  of  time 
would  not  occur. 


2498.  Tb«  \^1iitlnK  System. — This  is  a  system  of 
hoisting  with  round  ropes,  in  which  two  narrow  grooved 
drums  or  rope  wheels  are  used  in  plane  of  the  cylindrical  or 
conical  drums  ordinarily  used.  These  drums  arc  placed 
tandem.  As  shown  in  Fig,  t*ini,  the  mpc  passes  from  oiis 
cage  A  up  over  a  head  sheave,  down  under  a  guide  sheave, 
then  to  the  drums  M  and  /",  around  both  of  which  together 
it  is  wound  three  times  to  secure  a  good  hold,  and  out  to  a 
a  fleet  sheave  C,  then  back  under  another  yiiide  Khcave,  up 
over  another  head  sheave,  and  down  lo  the  other  cage  B. 
This  shows  the  arrangement  for  a  two.com|>artment  shaft. 
When  the  system  is  to  be  used  for  a  single-compiirtmcnt 
lluftt  one  end  of  the  rope  carries  the  cage  and  the  other  end 
%  a  weight  to  balance  the  cage,  and  is  run  up  and  down 
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in  a  curiicr  of  the  shaft.     A  balanre  rope  is  shown  in  the  cut, 
and  is  generally  used,  though  it  is  not  essential  to  the  work- 


\^ 


ing  of  the  system,  as  it 
is  in  the  Kiepe  system. 
When  sinking  a  shaft,  a 
balance  rope  ran  not  be 
used,  as  ii  is  always  in  the 
way  at  the  bottom  of  the 
shaft,  where  the  work  is 
lieing  done. 

The (1  rums arelincd  with 
hardwood  btorks,  having 
three  rope  grooves  turned 
in  them.  The  main  drum 
Af  is  driven  direct  by  a 
two-crank  engine,  with 
cranks  at  right  angles,  to 
as  to  present  no  dead-cen- 
ter, or  by  an  electric 
motor  through  gearing 
The  following  drum  /■'  i« 
coupled  to  the  main  drum 
by  a  pair  of  parallel  rods, 
li  side,  in  the 
i-r  as  arc  the 
di  a    locomotive. 
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This  givtfs  six  stimi-circutnfcrcnccs  «f  driving  corUact  with 
the  rope,  as  romparcd  with  the  one  SL-mi -circumference  o( 
the  Kfcpe  system,  in  tilt  best  plants  an  this  system,  the 
following  clrura  /"  is  tiitctl  or  inclined  from  the  vertical  an 
amount  equal,  in  the  diameter  of  the  drum,  to  the  pitch  of 
the  rope  on  the  <Jriim,  the  ohject  beinR  to  enable  the  rope  to 
run  straight  from  each  dnim  to  the  other  without  any  cha. 
fing  between  the  rop«:s  ami  the  sides  of  the  grooves,  and  to 
eliminate  the  danger  of  the  rope  nmning off.  This  arrange- 
ment throws  the  shaft  and  i;rank-pins  out  of  parallel  with 
thoAC  of  the  main  drum,  hut  this  is  easily  accommodated  in 
the  ends  of  the  parallel  rods. 

The  fleet  sheave  C'  is  arranged  to  travel  backwards  and 
forwards,  as  shown  in  dotted  lines,  in  order  to  change  the 
working  length  of  the  rope.  This  makes  the  system  very 
complete,  and  is  desirable  for  the  following  reasons: 

to  sinking,  an  a  grc^ttcr  depth  is  reached,  it  is  necessary  to 
let  wut  rope  in  some  way,  that  i^,  to  increaw  its  working 
length;  in  this  system,  it  is  d<vne  by  moving  in  the  llect 
sheave  towards  the  drums.  If  the  shaft  has  been  sunk  «  feel 
deeper,  it  is  only  necessary  to  move  the  fleet  sheave  in  'i  feet 
nearer  to  the  drums.  Thus,  it  will  also  be  seen  that,  if  we 
are  going  to  sink  SOO  feet  during  the  life  of  the  present  rope, 
we  will  want  a  travel  of  the  fleet  sheave  ot  250  feet. 


2-491).  In  sinking  and  lu  regular  hoisting,  it  is  advisable 
to  occasionally  renew  the  fastenings  at  the  ends  of  the  rope, 
and  to  cut  off  a  few  feet  of  the  ends  where  the  greatest  wear 
0CCUT3L  This  shortens  the  rope,  and  the  fleet  sheave  is  moved 
in  to  make  up  the  deficiency,  A  new  rope  stretches  very 
considerably,  andallropc.4  expand  withthe heat  and  contract 
Vitb  the  cold.  The  length  i<  therefore  changing  continually, 
and  adjustment  must  be  made  in  order  to  bring  the  two 
•  their  proper  landings  at  the  same  time.  This  ad- 
•asi\y  made  by  moving  the  fleet  sheave  out  or  in. 

as  noted  when  considering  the  Koepe  sys- 
UMsting  it  is  often  necessary  to  botst  from 
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some  other  level  than  I  he  liottnm,  and  it  is  desimble  to  dasu 
without  any  loss  of  time  and  in  one  motion  of  the  engiiui 
This  can  readily  he  done  with  the  Whiting  system.  Let  as 
suppose,  for  instanrc,  that  cage  /(  is  at  the  top  and  cage  5 
is  at  the  bottom,  and  that  hoisting  is  to  be  done  from  some 
tipper  level.  Wc  have  Minply  to  run  our  fleet  sheave  unt, 
and  in  that  way  shorten  the  working  length  of  the  rope 
until  cage  H  comes  up  to  that  upper  level.  It  can  then  be 
loaded  and  go  to  llie  top.  While  cage  H  gi:>es  lo  the  lo|), 
cage /I  comes  ilown,  biu  only  sofar  as  the  upper  level,  be- 
cause the  rope  is  short.  It  will  then  be  loaded  while  cage  h 
is  being  unloaded,  and  can  go  directly  to  the  top  without 
any  lost  time  and  with  one  motion  of  the  engines.  ^^ 

2Ji01 .  The  drums  used  in  this  system  are  light  and  i^^ 
expensive.  They  are  also  narrow,  admitting  of  short  drum 
shafts  and  small  foundations.  Thcsystcm  permits  a  perfect 
balance  of  rope  and  cage,  so  that  the  work  to  I>c  tlonc  liy  tbe 
engines  is  uniform,  except  for  thvacccleration,  and  consiiU 
only  in  lifting  the  material  and  overcoming  the  frictioo. 
There  is  no  fleeting  of  the  rope  as  it  runs  to  and  from  tbe 
drum.  It  remains  in  one  line  at  all  times,  and  so  allows  the 
drums  to  be  placed  as  close  to  the  sthaft  as  may  tie  desired. 

With  the  six  srmi-circumfcrcnccs  of  contact  between  the 
rope  and  the  drums,  there  is  no  slippage  of  the  rope. 

2602*  The  c:ipacity  of  the  drums  is  unlimited.  Cylin- 
drical drums,  if  ihcy  are  grooved  for  the  rope,  and  conical 
drums  and  reels  will  hold  a  certain  fixed  length  of  rope,  and 
will,  therefore,  hoist  from  accrtain  maximum  depth  of  shaft 
for  which  they  were  designed.  If  a  plant  ia  built  on  the 
Whiting  system  for  a  certain  depth  of  shaft,  and  later  it  is 
desired  to  hoist  from  a  greater  depth,  it  can  be  done  with- 
out any  trouble.  If  we  choose  lo  use  the  same  diameter  of 
rope,  we  can  hoist  the  s.ime  load  and  allow  a  smaller  factor 
of  safety,  or  we  can  huisi  a  smaller  load  and  retain  the  same 
factor  of  safety.  If  we  choose  to  use  a  larger  rope,  we  can 
hoist  the  same  toad  with  the  same  factor  of  »af  ety.     In  other 
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i%,  ihe  length  of  rope  does  not  bear  any  relation  to  the 
of  the  drums. 

2fi03.  This  system  was  iiscil  as  early  as  IRfiS  in  Eastern 
Pennsylvania,  but  it  vas  not  used  extensively,  beca.uae  hoist- 
ing from  greatileptliswas  not  necessary.  Fordepthsof  less 
than  1,000  ft.,  cylindrical  and  ronical  drtiniK  are  quite  satis- 
factory. Lately,  hnwcver,  this  sy.itcm  has  been  cominj?  into 
Bse  as  being  the  best  for  deep  shafts.  In  the  Lake  Superior 
cupper  region  there  arc  now  three  plants,  two  of  which  are 
probably  the  largest  hoisting  plants  in  the  world.  Each 
Btant  consists  of  apairof  triple-expansion,  vertical,  inverted 
Steam-engines,  driving  direct  a  pair  of  I'.i-fnnt  drums.  The 
ligh-pressure  cylinders  are  20  inches  in  diameter,  the  iiiter- 
scdiate  cylinders 33  inches,  and  the  Inw-prcssiirc  cylinders, 
o  inches,  and  all  six  of  them  have  a  T'J-inch  stroke.  The 
>pc  used  ia  a  SJ-in.  plow-steel  rope,  and  it  hoists  lu  tons  of 
laterial  at  atripfroni  a  depth  of  ■l,'.MH\  ft.,  the  deepest  shaft 
In  the  vnrld.  Several  plants  on  the  Whiting  system  have 
>een  bnllt  in  England,  and  two  or  mure  arc  working  in 
juth  Africa. 


DRUM  APPLIANCES. 
2504*     Although  thedrum  of  »  hoisting  plant  may  be  of 
neither  of  the  foregoing  kinds,  there  are  certain  appliances 
hrhich  arc  necessary  adjuncts  in  every  case. 
r     We    may  class  among    these;      Brakes,   C/ufc/ws,   Hoist 

S'  '''.alorSy  and  Rope  Fa&tenings. 
nMAKl», 
SOS.  To  fit  a  drum  for  hoisting  service,  it  must,  first 
|,of  all,  be  etiuipped  with  a  good  brake;  that  is,  a  mechanism 
rhich  will  take  firm  hold  of  it  at  any  point  in  its  revolution 
id  secure  it  against  turning  under  any  force  that  may  be 
(brought  upon  it.  In  a  single  hoist  it  may  have  a  force 
brougfht  upon  it  due  tu,  and  etjual  to,  the  weight  of  the 
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rope,  the  car,  the  cage,  and  the  material  to  be  hoisted  ap- 
plied at  itsc  i  rcumf  erence. 
Inotherwords,ifwe  have 
a  hoist,  as  shown  in  Fig. 
901,  in  which  the  diame- 
ter of  the  drum  is  8  feet, 
the  diameter  of  the  rope 
is  li  inches,  the  length 
of  the  hoist  is  1,500  feet, 
the  weight  of  the  car  and 
^^  the  cage  is  5,000  pounds, 
''  and  the  weight  of  the 
material  to  be  hoisted 
is  5  tons,  we  w^ll  have  a 
turning  moment  on  the 
drum  of  75,000  ft. -lb. 

This  result  is  obtained 
thus :  Iron  or  steel  rope 
IJ  inches  in  diameter 
weighs  2.5  pounds  per 
foot,  or  2.5  X  1,500  = 
3,750  pounds  for  1,500 
feet.  The  total*  load 
Fio.  901.  would,  therefore,  be, 

3,750  pounds  of  rope; 
5,000  pounds  of  car  and  cage; 
10,000  pounds  of  material; 

Total,     18,750  pounds. 

This  Iliad  would  be  applied  at  the  circumference  of  the 
drum,  or  at  a  radius  of  4  feet.  The  turning  moment  would 
then  be  lS,7r»0  x  i,  or  75,000  foot-pounds,  and  the  direct 
pull  on  the  brake,  if  it  took  hold  at  the  same  diameter, 
would  be  1S,750  pounds. 

2506.  If  the  hoist  is  double,  and  a  tail-rope  is  used,  the 
r<i]ie,  car,  ;ind  cage  are  balanced,  and  the  brake  will  not 
have  ti>  be  si>  ]iow<.'rful.  Such  a  case  is  represented  in  Fig. 
Wi.     Wc  ivill  suppose  ill  this  case  that  the  same  sizes  ol' 
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'um,    rope,    car,    ami   cage  are    vfwd;   that   the  shaft    is 
<A  the  same  depth,  and  that  the  same  weight  of  matvrial  is 


f: 


to  be  hmstef!  as  we  hntt  tn 
the  previous  case.  It  will 
be  Bccn  by  the  figure  that 
the  two  lengths  of  rope 
balance  each  other,  as  do 
also  the  two  cars  and 
cages  and  that  the  only- 
load  lending  to  turn  the 
drum  is  that  of  the  mate- 
rial. As  before,  this  is 
lO.OOO  pounds,  and  the 
turning  moment  at  the 
drum  is  10.(X)OX4=W.OOO 
foot-pound!;,  as  compared 
with  "S.iXK)  fool-pounds,  which  we  had  b«fore.  The  direct 
pull  on  the  brake  would  be  lii.ooo  pound:8,  as  compared 
with  18.750  pounds. 
Thi^  shows  that  the  brake  must  lie  built  to  suit  the  case. 

2ft07.  There  arc  two  styles  of  brakes  in  general  use; 
,IIAmcly,  block  brakcn  and  ittrap  brakcM,  both  of  which 
«  (ricti(«i -brakes.  A  block  brake  is  <^ne  in  which  one  or 
more  blocks,  or  shoes,  being  secured  against  a  circumfer- 
ential motion,  arc  forced  radially  upon  the  drum  surface  and 
buk)  jtagainst  rotation  by  the  friction  ttetwccn  Ihcm.  Such 
a  brake  is  illustrated  in  Pig.  diiH,  in  which  A  13  the  drum,  £ 
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is  ihc  block,  or  shoe,  being  a  piece  of  hardwood  aboul  l»fl 
feet  long;  C  la  a  brakc-lcvcr  with,  fulcrum  at  D;  £  is  a  rodj 
to  transfer  the  leverage  up  to  the  engine-house  floor  whcr 
the  engineer  stands;  /^  is  an  adju^itin^  strew  to  take  up  iht 
wear  of  the  brake-block;  G  is  the  hand-lever  by  which  the 
engineer  operates  the  brake.     One  advantage  in  this  kind  of  | 
brake  is  that  it  requires  very  little  motion  of  the  shoe  to  freej 
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itself  from  the  drum  when  the  brake  is  oif.     This  being 
case,and  thcmolion  available  ai  theoitier  end  of  the  brake' 
gear  lieing  limited,  it  follows  that  the  ratio  of  gearing  can 
be  great,  and,  consctjuently,  also  the  force  at  the  shoe.        H 

This  style  of  brake  is  very  simple,  but  it  is  fast  going  out 
of  use,  because  the  single  bloc:k  gives  so  small  an  amount  vi 
rubbing  surface,  and  the  pressure  of  the  brake,  being  entirely 
on  one  side  of  the  drum,  either  lifts  the  drum  or  pushes  it 
hard  against  its  bearings. 

2508.  Block  brakes  with  two  bloclcK,  commonly  known 
asj>osf  bra/ics,  give  a  greater  amount  of  rubbing  surface,  and 
the  pressure  cf  the  brake,  btinK  appliL-d  at  two  iH>ints  di-i- 
mclrieally  opposite  each  other,  is  equalized.  Such  brakes 
arc  largely  used  io  some  localities.  Fig.  DO!  illustrates  a 
block  brake.  A  is  the  drum;  /',  JV  ai-c  the  bliwks  or  shoes 
which  can  be  made  lung  enough  to  encircle  90"  on  eadl 
side  of  the  drum;  C,  C  are  the  posts;  J5,  D  arc  the  ful* 
crums.  which  shnuUI  Ik:  tied  together  by  a  dislanrc-picce,  as 
shown,  and  should  be  securely  fastened  to  the  foundatk 
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£  is  a  tension-rod,  and  /^  is  a  bent  lever.     Power  is  applied 
ai  ihe  end  of  the  lever  /%  as  shown  by  the  wrrow. 

An  objection  tn  ihit;  sort  of  brake  arittes  frum  the  (act  that 
if  the  drum  surface  upon  which  the  brake  is  applied  i&  not 
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perfectly  round,  the  resistance  of  the  brake  will  not  be  uni- 
form when  applied  while  the  drum  is  \n  motion. 

Another  objection  to  a  block  brake  is  that  the  wear  is  very 
excessive,  owing  to  the  small  amount  of  surface  in  contact 
with  the  drum;  and  still  another  objection  is  the  enormous 
force  required  to  do  a  given  amount  of  braking. 

2509.  There  is  a  law  of  mechanics  which  slates  that 
the  amount  of  friction  between  two  surfaces  varies  directly 
as  the  pressure  by  which  they  are  held  in  contact,  and  is  in- 
dependent of  the  area  of  those  surfaces  up  to  the  point  of 
abrasion.  This  law  has  been  applied  to  the  brakes  of  hoist- 
ing  machinery,  especially  by  those  who  advocate  the  use  of 
block  brakes;  but  it  is  not  applicable,  and  for  two  reasons. 
To  the  first  place,  the  operation  of  brakes  is  almost  always 
at  a  pressure  considerably  beyond  the  [Kiint  of  abrasion, 
nt  hcrwise  there  would  not  be  such  wear  both  of  the  shoe  and  of 
the  drum.  In  the  .second  place,  even  inside  of  the  point  of 
abrasion,  the  law  tlcies  not  allow  of  a  comparison  between 
block  brakes  and  strap  brakes,  because  their  surfaces  are  not 
limilar.     The  surface  of  the  block  brake  is  short,  rigid,  and 

r.  til.— 14 
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practically  flat,  while  the  Kiirfate  of  the  strap  brake  ts  Ion; 
pliable,  and  of  a  cylindrical  shape.  In  the  case  of  the  strap 
brake,  another  law  affects  the  results,  a  law  which  is  famil- 
iar tu  us  all  in  its  practical  afiplitatjon,  and  which  wc  have 
all  used  when  we  hav«  taken  a  couple  of  turns  around  a  post 
with  a  rope,  so  that  we  could  more  easily  resist  some  fo^ 
at  the  other  end. 


25  lO.  Strap  brakes,  tn  which  the  strap  consists  of 
wmuxht-iron  band,  arc  used  very  extensively.  The  levers 
fur  transmitting  the  power  from  Ihc  hand-lever  or  treadle 
to  the  brake  strap  arc  variou-sly  arranged.  In  some  cases 
the  force  i-t  multiplied  l»y  several  short  levers,  in  olhershjf 
one  long  lever.     The  treadle,  however,  has  been  replaced 
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almost  entirely  by  the  hand-lever,  and  is  now  seldom  secfil 
except  at  old  collieries.     A  single  strap  entirely  surroundin£ 
Ihc  drum  is  sometimes  used,   bnt  this  is  only  satisfactory 
with  small  drums.     Tho  usual  method  is  to  hax'C  two  straps, 
each  extending  half  way  around  the  drum.     A  brake  of  this 
sort  is  shown    in  Fig.  '.i05,  in  which  ,/  ts  the   upper  hralcc 
strap  and  ii  the  lower.     One  end  of  each  strap  is  brougHt, 
down  to  a  boll,  one  single  and  the  other  double,  by  nvetirig 
to  the  strap  a  forging  a  and  n'  a.s  shown  in  the  figure.     The 
ol.;.-.  t   ;..   ..I'vintc  one  en-'  -"-  l»"'t   and  the  other  two  t& 

have  their  lirieg.j 
uojhacast;;^ 
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CwUA  is  securely  bolted  to  the  foundation,  and  are 
btleaed  to  it  by  four  nuts  on  each  bolt,  two  principal  nuts 
anri  two  jam  nuls.  This  gives  a  means  of  adjusiinff 
lie  ieoglh  of  the  strap  to  take  up  the  wear.  A  second 
method  of  securing  the  back  ends  of  the  straps  is  shown  at 
A  In  this  ca»c  a  wrought-iron  angular  piece  js  riveted  to 
ucl)  strap,  and  these  are  passed  over  tlic  bolt  that  takes  the 
pUce  of  the  casting  of  the  former  arrangement.  Nuts  are 
nsd  as  sbown,  to  adjust  the  straps  for  wear.  The  bolt 
should  be  short  and  stiff,  bo  as  to  be  well  able  tu  withstand 
theforce  tending  lo  bviid  it  when  the  drum  is  moving  or 
teuding  to  move  in  the  direction  shown  by  the  arrow.  The 
fniQt  ends  of  the  atrapii  are  worked  into  eyes  of  somewhat 
Jbs  length  than  the  width  of  the  strap,  as  shown  at  B^ 
Tbeseendsof  the  straps  arc  fastcuL-d  to  the  brake-lever  F  by 
means  of  bolts  passing  through  their  eyes  and  the  brake- 
fc«r.  The  figure  clearly  shows  the  action  of  tht  brake. 
Tbt  brake-lcvcr  is  supported  on  a  pin  at  G,  so  that  it  can 
mtiic  about  it.  When  the  braking  force  is  applied  at//, 
I'l'ough  the  connection  shown,  and  in  the  direction  of  the 
*mnr,  the  brake-lever  tends  to  rotate,  pulling  down  on 
Mrtp  J  and  up  on  strap  H.  Thesy  buing  held  at  the  back 
ud  grasp  the  drum  tighter  as  the  force  is  applied. 

2S1].    It  will  be  noticed  in  Fig.  005  chat  the  ends  of 
il«  straps,  both  front  and  back,  arc  brought  in  as  clof^c  to 


O 


'*  pTHClicable.     This  is  done  to  give  the  great- 
'^'MHact  between  the  drum  and  the  straps, 
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and  also  lo  get  tlie  besl  effect  (rom  the  force  applied.  Sup- 
pose,  for  instance,  [lie  brake  were  designed  as  sbown  in 
Fig.  !K.1G.  It  will  be  seen  thai  tuTc  ihirc  is  much  less  of  the 
strapti  in  contact  with  the  dntma  thiin  titcru  was  before,  and 
also  that  the  same  pull  on  the  straps  will  give  much  less 
pressure  between  the  stra[»  and  the  drum.  This  last  idea 
may  he  innre  dearly  imdnrstootl  if  wc  imagine  the  straps  to 
be  lengthened  indefinitely.  Then  we  should  have  them 
prat-tically  paral!«l,  as  shown  in  ilotted  lines,  and  however 
great  the  pull,  wc  sliould  have  no  pressure  between  tbea 
and  the  drum. 


251  2.  When  brakes,  such  as  we  have  been  considering, 
are  used  on  very  large  drums,  Ihcy  arc  found  to  be  not  stiff 
enough  to  lift  themselves  from  the  drum  when  the  brake  is 
off-;  for  that  purpose,  springs  arc  attached  to  the  upper 
strap,  so  as  to  carry  its  weight.     This  idea  is  ilhistrated  in 

Fig.  91)7,  in  which  the 
springs  at  A,  A^  A  we 
shown,  carried  from  the 
truss  timbers  by  liglit 
wrought-iron  rods. 

2513.  So  far.  nottiin? 
ha*  been  said  about  tlK 
source  uf  jiower  to  be  ap^ 
plied  to  the  brake.  In  tbc 
great  majority  of  cases,  it 
is  liand  power;  biiL  there  art 
■''"-  •"T-  also  many  drums  so  larp 

And  winding  such  heavy  loads  that  the  power  a  man 
exert  by  hand  is  nut  sufficient  to  brake  them.  Of  cti 
the  force  that  a  man  can  exert  can  be  multiplied  iiidefinit 
by  levers  ami  combinations  of  levers;  but  it  must  Ik  Iw 
in  mind  that,  while  the  force  is  multiplied,  the  distJ 
through  which  it  can  art  is  divided  at  the  same  rate.  N' 
it  has  U'cn  s.-<M\  that  a  ccrtainamount  of  motion  is  requii 
at  the  l'  1,  in  order  io  free  it  from  ihe  druin  iriii 

it  is  otf.      Ibtoj  lien,   limits  the   le\-erage  that  a  man 


t 
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use.  Suppose,  for  instance,  it  is  assumed  Ihal,  with  a  strap 
brake,  ihi.*  band  nuisi  come  off  from  ilic  drum  half  an  inch. 
It  would,  therefore,  have  to  increase  in  diameter  I  inch,  or, 
say.  3  inches  in  circumference.  Thru,  supposing  a  man  to 
exert  his  force  to  advniitagc  through  A  feet,  or  SU  iiiclics,  the 
leverage  is  3n  -i-  3  =  13.  That  is,  if  a  man  can  pull  50  lb. 
on  his  hand-lcvcr,  he  can  cicrt  r»()  pounds  X  Vi  =  OOD  pounds 
circumrercntially  on  the  brake  band.  This  is  with  simple 
leverii.  If  &uch  a  form  of  lever  be  adopted  as  will  give  a 
constantly  increasing  leverage,  the  force  applied  to  the 
hand-lever  will  be  mnliipticcl  in  an  increasing  ratio.  A 
diagram  will  explain  this  more  clearly. 

2614.     In  Fig.  (109,  .1  is  the  liand-lever,  with  a  fulcrum 
at  Jf  and  a  pin  at  C,  by  which  it  takes  hold  of  a  reach  rod  or 


'oeib. 


connection  7>.  The  connection  extends  to  the  brake-lever 
E,  which  has  pins  at  J*  and  (7,  by  which  the  brake  bands  are 
operated.  If  we  make  the  leverage  of  tht-  hand-lever  G  to  1, 
and  apply  60  pound*  at  its  end,  we  will  exert  300  pounds  at 
the  pin  C,  and,  consequently,  along  the  connection  D  to  the 
end  \y{  the  brake-lever  /:.  Then,  if  wc  m.-ikc  the  brake-lever 
with  a  ratio  of  4  to  I,  m-c  will  exert  WO  pound.i  x  4  =  1,200 
pounds  at  the  pin  /•"orC  This  must  be  divided  equally 
between  them,  however,  which  will  give  i5oo  pounds  pull  on 
each.  Now,  the  distances  through  which  these  forces  act 
are  exactly  in  the  inverse  ratio  of  the  powers.  Wc  have  said 
that  the  hrakeman  can  exert  the  force  of  .5(1  jiounds  through 
36  inches.  This,  then,  is  the  motion  of  the  end  of  the  hand- 
lever  yi.     One-sixth  of  this,  or  l>  inches,  will  be  the  motion 
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at  C,  and  therefore  at  H\  one-fourth  of  this,  or  1^^  inches, 
will  be  the  motion  at  F  and  G.     That  is,  /-'will  increase  its 
half  of  the  brake  band  IJ-  inches  in  circumference,  and  G 
will  do  likewise  with  its  half,  making  the  total  circumfer- 
ence 3  inches  more,  or  the  diameter  1  inch  more,  and  there- 
by moving  the  band  away  from  the  drum  ^  inch  radially. 
The  levers  are  all  shown  in  mid-position  to  make  the  figure 
more  simple,  but  the  relative  leverages  remain  the  same  at 
all  points  in  the  motion. 

This  is  a  case  of  simple  levers.  Let  us  modify  the 
scheme  so  as  to  have  an  increasing  leverage,  which  is  very 
easily  done;  but  let  us  first  realize  that  the  power  exerted 
at  the  hand-lever  is  just  the  same  as  that  exerted  at  the 
brake  band;  that  is,  60  lb.  x  3C  in.  =  2(600  lb.  x  1^  in.); 

and  no  system  of  levers 
/7,or  other  mechanism  can 


/make   this   any 
less.     What  we 
.f,      however 


more  or 
ca;i  do, 
is  to  make  a 
system  of  levers  that  will 
give  us  a  changing  ratio 
between  the  forces  at  the 
hand-lever  and  at  the 
brake  band. 

2515.      In    Fig.  908 
we  have  shown  our  hand- 
lever   to  a    larger  scale- 
As  before,  B  is  the  ful- 
crum, C  is  the  pin  where 
the  reach  rod  takes  hold 
and  the  leverage  is  (3  to  1. 
The  dotted  lines  sho»  the 
extreme   positions  for  t 
movement  of  36  inchest 
**t^  &  kafth,  »sBK,  for  a  radius 
TbeiL,  fnxn  some  poj 
■valid  to  it,u(K 


lis 
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at  a  distance  from  it  equal  to  the  horizontal  inoLion  of  the 
point  C      This  second  line  crosses  the  circle  at  M.     If  L  M 
is  greater  than  P N,  we  have  taken  L  too  far  to  the  right. 
By  trial,  we  can  soon  find  a  point  L  that  is  correct.     Now, 
we  have  obtained  the  points  for  our  new  lever.     Conceive 
the  lever  to  be  in  its  forward  position  and  our  reach-rod  pin 
at  L,  instead  of  at  C.     We  will  then  have  a  lever  as  shown 
at  R  in  its  forward  position,  and  at  .9  in  its  backward  posi- 
tion.     In  the  forward  position,  when  only  the  clearance  of 
the  brake  band  must   be   taken  up,  and,  therefore,  but  a 
small  force  required,  the  leverage  is  as  6  to  IJ,  or  li-  to  1, 
and  in  the  back  position,  when  the  brake  is  on,  and  all  the 
force  is  required  that  can  be  had,  the  leverage  is  as  0  to  \, 
or  12  to  1,      In  other  words,  with  this  new  hand-lever,  a  man, 
by  exerting  a  pull  of  60  lb.  on  the  hand-lever,  will  pull  with 
a  force  of  1,200  lb,  on  each  of  the  brake  bands,  when  the 
lever  is  in  its  back  position. 


2516.     The  question  now  arises,  what  will  this  amount 

do  in  the  way  of  holding  the  drum  against  any  foice  that 

may  tend  to  rotate  it  ?     Such 

a  force  will  resolve  itself  into 

atuming  moment,  and  will  be 

measurable  in  foot-pounds,  as 

we  have  seen  in  the  early  part 

of  this    section.      We    must, 

therefore,  transform  the  force 

that  we  get  from   the   brake 

gear  into  another  turning  mo- 

"Wntof  the  opposite  direction. 

^nPig.  910  we  have  a  drum 

wdone  brake  band  extending 

*"*i  a  fixed  end  at  ^    to  a 

■wWe  end  at  B^  where  the 

■*««  takes  hold.    These 

'B  Mine  distance  from  fic.  did. 

•^  M  to  accommodate  the  anchorage  at  .,■/  and  the 
*  ft     We  have,  therefore,  two  tangents,  A  C 
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and  B  D.  Extend  these  by  dotted  lines  until  they  intersect 
at  E,  and  from  E  lay  off  E  F-axA  E  G,  proportional  in  length 
to  the  pull  on  tlic  brake  band.  Tliis  we  found  to  be  1,200 
lb.  acting  at  U,  and  wc  have  an  equal  and  opposite  force  act- 
ing at  A,  Using  a  scale  of  ^  in.  —  lOO  lb.,  and  laying  off 
these  forces  from  £,  we  have  /:  Fand  E  G  each  1(  in.  long. 
Completing  the  parallelogram  of  forces  by  drawing  F H 
parallel  to  E  G,  and  G  H  parallel  to  E  F,  we  have  the  result- 
ant EJI,  which  i»  "l^f  m.  long,  and  which,  therefore,  repre- 
sents I. '.t50  lb.  Thisis  the  pressure  by  which  the  brake  band 
is  held  down  on  the  drum.  Nov,  we  can  count  on  about 
40  per  cent,  coefficient  of  friction  between  a  wrought-iron 
band  and  oak  lagging,  <f.n  our  brake  band  would  hold  about 
1,990  X. 40=  780  lb.  Thelower  brake  band  would  hold  alike 
amount,  making  l.flijO  lb.  altngethcr.  If  this  were  applied 
to  a  drum  S  ft,  in  diameter,  it  would  give  a  turniun  moment 
of  O,^^  fl.-lb,,  or  rather  the  power  to  resist  that  turning 
moment. 

This  is  not  the  limit  of  the  braking  power  of  a  man;  but, 
from  this  we  can  readily  see  that  there  are  many  drums 
working  under  siicii  loads  that  a  man  could  not  con- 
trol tht-m  by  hand.  We  inusi,  then,  resort  to  steam,  com- 
pressed air,  or  water  under  pressure.  At  first,  this  seems 
to  be  very  simple.  Referring  l<;  the  brake  gear  of  Fig.  '."W, 
it  will  be  remembered  that  we  had  a  force  of  300  lb,  along 
the  reui'h  rod  D  to  the  hrake^k-ver.  Later,  when  we  used 
the  hand-lcvcr  of  Fig.  ^09,  we  had  000  lb.  along  this  ctm- 
nettion,  but  we  saw  that  even  this  would  not  be  enough  in 
many  cases.  Suppose  thai  we  wished  a  force  of  fi.fHXt  lb. 
instead  of  UOO  lb.  H  we  attach  this  connection  to  a  piiiton- 
rod  of  a  small  engine,  we  can  easily  get  whatever  f urcc  we 
may  wish.  Ll-i  us  assume  that  we  are  carrying  100  lb,  of 
steam  in  our  boilers.  This  we  can  pipe  to  the  cylinder  o( 
our  smalt  engine,  and,  by  means  of  a  valve,  admit  it  to  the 
cylinder  whenever  wc  want  it.  To  get  a  pressure  of  ti.lHifllb. 
from  steam  at  100  lb.  pressure,  we  would  require  C.nflU-i- 
100  —  GO  square  inches  of  pinton  area.  Such  a  piston  would 
be  KJ  inches  in  diameter.  Our  arrangement  would  then  Iwa* 
shown  in  Pig.  [111.     The  hand-lever  .'I,  through  its  conn 
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lioQ,  upens  the  stcara-valvc  r  nn  ihc  cylinder.  This  atlinils 
sUam  to  the  fruiit  end  a,  which  drives  the  piston  back,  and 
B>  puts  on  the  brake.  The  mechanism  and  its  opcratJun 
•ould  be  praciirally  the  Kime  for  either  steam,  comprcsiscd 
w,  or  water  imder  pressure;  and  so  far  the  arrangement 
H  salisfa<:t(ir3'.  But  when  we  come  to  use  such  a  brake  as 
liiy  wc  find  that  the  action  nf  steam  or  any  other  medium 
voder  such  a  pressure  is  so  rapid  that  the  brake  is  apph'cd 
*Kb  its  full  force  almost  instantaneously.  This  subjects 
lie  various  j>art«  of  the  plant  to  very  severe  strains,  which 
Mfi  objectionable.  In  fact,  it  is  not  permissible.  One 
scheme  to  mrwiify  this  action  which  has  bef^n  U!;ed  success- 
ftlly  is  the  use  of  the  steam*valve  that  requires  a  lung  travel 
to  pre  it  a  full  opening.  Such  a  valve  can  be  opened  a 
liitle,  so  as  to  allow  the  steam  to  leak  through,  and  thereby 
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"'wcafte  the  pressure  in  the  cylinder  gradually.  If  such  a 
*>lve,  for  the  inlet  of  steam,  is  coupled  tu  another  working 
■ilhe  oppotiite  direction  for  the  outlet  of  steam,  the  u|)cra- 
li'M  is  very  successful.  With  this  arranijement,  as  the  inlet 
Vj1»-c  begins  to  open,  tlie  outlet  valve  begins  to  close.  At 
"%  this  will  simply  jwss  a  little  sleanfi  through  the  cylinder 
*itbinit  allowing  any  pressure  to  accumulate  there.  As  the 
v»!v«  move  farther,  the  amount  of  steam  admitted  in* 
0*aMs,  while  the  size  of  the  outlet  decrcaiscs,  and  as  a  con- 
tqiience  a  pressure  forms  in  the  cylinder.  This  action 
f'fltinucs  until,  when  the  inlet  valve  is  full  open  and  the 
*iitJci  vjjve  ii  entirely  shut,  the  full  pressure  of  sicam  is  in 
Ihc  cylintler  and  the  brake  is  full  on.  By  reversing  the 
AbtioD  ui  the  \*alve&  the  brake  conies  off. 
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GLl'TCIICS. 

2A17.  In  mast  hoisting  {ilants  there  is  no  net::d  ot 
clutch,  because  the  motor  is  geared  directly  to  the  dnan 
and  operates  only  when  it  is  necessary  to  make  a  hoist, 
Sometimes,  however,  several  drums  arc  opcralccl  by  ont 
motor  or  engine ;  it  then  becomes  necessary,  to  have  a  clutch 
fastened  to  the  motor,  by  which  it  can  take  hold  of  the  drum 
at  any  time.  Tliis  principto  of  operation  has  been  adopted 
in  some  very  extensive  hoisting  plants  in  the  copper  regions 
of  Lake  Superior.     The  engine  runs  continuously  and  drives 
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a  clutch  vheel  on  each  drum.  These  clutch  wheels  are 
virtually  strap  brakes  mounted  on  revolving  wheels  in!«tead 
of  oa  a  steady  foundation,  as  usual,  and  when  they  take 
hold  of  their  drums  Lhey  carry  them  around  with  them. 
The  principle  of  these  is  illustrated  in  Kig.  013.  There  is  a 
spur-wheel  A,  which  is  driven  continuously  by  the  engine 
through  a  spnr  pinion,  nnt  shown  in  the  figure.  Thisspur- 
vheel  is  mounted  on  a  shaft  which  carries  the  gear  around 
with  it. 

The  shaft  rests  in  two  bearings,  one  next  to  the  wheel,  as 
shown  at  ti,  and  the  other  at  the  other  side  of  the  dnim. 
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Part  of  the  drum  is  shown  in  tlic  Icft-liand  v'lev,  but  is  re* 
moved  in  the  right-hand  view  iu  order  to  show  the  clutch 
more  clearly.  In  the  drum  shaft  there  \&  a  hole  extending 
from  one  end  IhrouRh  the  center  to  the  middle  of  the  dutch 
wheel,  and  then  out  to  Ihc  Kurfacc,  as  ahown  at  A",  From 
the  end  of  the  shaft  this  hole  is  connected  by  piping  to  a 
hydraulic  valve  operated  liy  the  brakrm^n,  so  that  he  can 
at  will  admit  water  or  oit  umlcr  pressure  into  it.  The  water 
comes  out  of  the  shaft  into  a  recess  in  the  hub  of  the  clutch 
wheel,  and  from  there  H  piped  by  6  to  the  upper  end  of  a 
small  cylinder  shown  at  C.  Here  it  forces  the  piston  down. 
or  rather  towards  the  c«ntcr  of  the  wheel,  for  it  must,  of 
course,  operate  irrespective  of  the  position  of  the  wheel ;  the 
piston  carries  with  it  one  end  of  the  bell-crank  D.  To  the 
other  end  of  this  bell-crank  i»  attached  one  end  of  the  clutch 
band,  the  cenicrc  of  the  crank  beingcarricd  by  a  pin  secured 
to  the  clutch  wheel.  The  other  end  r/of  the  clutch-band  is 
also  held  by  a  pin  from  the  clutch  wheel,  and  through  this 
pin  the  drum  is  driven.  As  the  piston  moves  towards  the 
center  of  the  wheel,  it  rotates  the  bcIl-crank,  and  through 
it  pulls  on  the  end  of  the  clutch  band.  The  other  end  being 
secured,  this  decreases  the  diameter  of  the  band  and  makes 
it  grip  the  drum,  which  is  just  inside  of  it,  and  which  must, 
therefore,  go  around  with  it.  The  direction  of  motion  ia 
lown  by  the  arrow.  When  the  hoist  has  Iteen  made,  the 
rakcman,  by  closing  his  valve,  removes  the  pressure  in 
le  system  and  the  clutch  band  comes  off,  being  assisted  by 
springs.  The  drum  must  then  be  controlled  by  a  regular 
brake  taking  hold  of  its  other  end.  One  peculiarity  of  a 
drum  built  for  this  purpose  is  that  il  has  a  continuous  hub 
throughout  its  entire  length.  ThjH  is  babbitted  like  a  jour- 
nal-ttax  or  bearing,  and  is  supplied  with  an  oiling  device, 
because  it  revolves  on  the  shaft. 

Of  course,  when  a  hoist  is  being  made,  the  drum  is  car- 
ried around  with  the  clutch  wheel  and  shaft,  and  there  is  no 
motion  between  it  and  the  shaft;  but  after  the  hoist  has 
^   and  the  drum  is  standing  still  or  is  running  the 
0  lower  the  cage,  there  is  motion  between  them, 
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for  the  wbc«l  and  shaft  coiuiiiue  in  the  same  direction  as* 
before.  In  a  hydraulic  clutch  there  should  l)c  some  elastic 
body  between  the  force  that  the  brakeman  applies  and  its 
point  of  application.  A  simple  method  is  to  put  a  spring 
between  the  end  of  the  clutch  band  and  the  bell-crank  to 
which  tht;  clutch  band  is  attached.  The  object  is  tuprcvenfiS 
the  entire  force  of  the  grip  talcing  effect  at  once,  ^" 

When  the  clutch  is  put  on,  there  is  slipping  between  it 
and  the  drum  until  the  latter  has  acquired  the  same  velocity 
as  the  former.  This  gives  time  in  which  to  overcome  the 
inertia  of  the  moving  parts.  If  the  drum  is  started  too 
suddenly,  the  stn-iin  on  the  rope  becomes  t>o  enormous  that 
it  is  liable  to  break. 
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HOIST  IKDICATOBS. 

2518.  A  hoist  indicator  is  a  piece  of  mechanism  form 
ing  part  of  the  drum  gear,  designed  to  show  the  engineer 
the  position  of  the  cage  or  cages  at  every  point  during  the 
hoist.  In  some  form  or  other,  these  are  quite  generalljr 
used,  though  not  universally.  lusome  cases  they  are  essen- 
tial, while  ill  others  they  can  be  omitted.  The  objection  to 
their  use  is  their  liability  to  get  cut  of  order.  Almost 
every  piece  of  mechanism  is  liable  to  get  out  of  order,  and 
if  an  engineer  is  lelying  on  his  hoist  indicator  to  make  a 
landing,  and  it  fails  him,  there  is  likely  to  be  overwinding, 
with  possibly  very  serious  results.  If  it  is  possible,  there 
should  always  be  some  nddillonal  way  ctf  locating  the  land- 
ing by  which  the  engineer  can  check  the  readings  of  Ins 
indicator,  and  thus  avoid  a  possible  accident.  In  some  <^ases, 
this  second  method  may  be  better  than  the  indicator  and 
suflicieiit  in  itself.  i 


2519.  A  very  common  and  simple  hoist  indicator  is 
made  by  inserting  a  pin  of  suitable  diameter  into  the  center 
of  the  end  of  the  drum  shaft,  and  using  this  as  a  miniatun^l 
drum  upon  which  to  wind  and  unwind  a  chain  or  cord  cor- 
responding to  the  hoisting  rope.  This  chain  or  cord  is  then 
led  over  a  sheave  or  pulley  at  the  top  of  a  pair  of  guides 
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representing:  the  hoist,  and  tarries  ut  its  end  a  weight, 
pointer,  or  gonjr.  which  serves  as  the  car  or  cnge.  The  Und- 
tngs  are  then  marked  on  the  (guides,  and  the  whole  itt  plared 
immedintrly  in  front  (*(  the  engineer,  li  a  gong  is  used, 
which  is  preferable,  a  pointer  may  also  l>c  added;  and  ih<*. 
gong  is  »o  arranged  that  it  will  be  struck  at  a  point  some 
distance  slxirt  of  the  landing,  t<i  call  the  engineer's  attention. 

Thj»  style  of  hoist  indicator  can  not,  however,  be  called 
gt>od.  It  is  in  use  in  many  places,  partly  bccauxc  it  is  rheap, 
and  partly  because  the  men  who  do  the  hoisting  depend  upon 
a  mark  on  the  rupe  and  nol  upon  the  indicator. 

If  indicators  are  used,  they  should  he  trustworthy  and 
not  liable  to  derangement  from  trivial  causes.  In  <rthcr 
words,  they  should  have  a  p-jiitivc  motion,  driven  by  gear- 
ing from  the  hoisting  machinery.  For  the  exact  location  of 
the  cage  at  the  top  of  the  shaft,  most  engineers  rely  upon 
the  white  marks  made  on  the  last  coil  or  coils  of  the  rope. 

This  plan  he  considers  more  accurate,  more  trustworthy, 
and  lcs:i  likely  to  lead  htm  into  error  than  any  indicator 
which  Can  be  constructed.  This  faith  in  the  rope  as  an 
indicator  ha<<  spread  tn  many  mining  engineers  and  super- 
intendents, so  that  we  now  6nr3  m.tny  large  collieries  not 
provided  with  indicators.  Although  this  use  of  the  rope  is 
good  and  should  be  adopted  wherever  possible,  as  a  second 
indicator,  to  check  the  regular  one,  wc  do  not  recommend 
itt  use  to  the  exclusion  of  an  indicator. 

2520.  A  very  good  indicator  with  a  positive  motion, 
and  simple  in  its  construction,  is  shown  in  Kig.  iil3.  It 
consists  of  a  worm  A  secured  to  the  drum  shaft  /I,  engaging 
with  and  driving  a  worm-wheel  C  This  wheel  is  mounted 
on  a  shaft  /},  which  is  supporteil  in  the  bearings  Ji  and  /:', 
and  carries  at  its  end  a  pointer  /■".  There  is  a  dial-platc  G 
slipped  over  the  end  of  the  shaft  and  screwed  to  the  forward 
bearing.  This  is  ju,st  behind  the  pointer,  and  the  difTereiit 
levels  are  marked  on  it.  around  its  circumference,  so  that 
when  the  pointer  indicates  any  one  of  tlicm  it  will  mean  that 
the  cage  is  at  that  level. 
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Let  us  suppose  that  we    want  an    indicator  for  a  shaft 
SIH)  ft.  deep  iriim  rail  tu  rail;  that   the  drum  Lo  be  used  is 
10  ft.  Jn  diameter,  and  that  the  drum  shaft  is  10  in.  'm^ 
diameter.     The   circumference  of   the  drum    13   31.42    ft.; 
hence,  the  revwlutiuns  per  hoist  arc  800  -i-  31.43  =  35.4fJ  rev- 
olutions.    Then,  if  wc  let  the  pointer  make  one  revolution] 
per  hoist,  the  ratio  nf  our  gearing  will  be  'iH.AH  to  1.     Let 
us,  however,  have  it  make  a  little  les.s  than  one  revolution 
per  hoist,  so  that  our  velocity  ratio  will  be  as  ift  to  I ;  then, 
we  can  use  asinfjle-thrL-aded  worm,  and  our  wheel  will  liava^J 
id  teeth.     ]|'  we  make  tlie  pitch  uf  the  teeth  1^  in.,  the  cir-^^ 
cumference  o£  the  wheel  will  be  25  X  If  in.  =  37J  in.,  and 
J 


4 


FlO.  DISl 

the  diameter  will  be  ll^-f  in.  The  pitch  of  the  worm  screwl 
will,  of  course,  he  the  same  as  that  of  the  wheel,  and  its( 
diameter  will  he  whatever  is  necessary  to  give  sufficient] 
strength  outside  of  the  shaft,  since  it  bears  no  relation  toj 
the  velocity  ratio. 

2521 .     One  fault  of  nearly  all  indicators  is  that  they] 
give  a  regular  movement  throughout  the  winding,  and  the 
space  over  which  the  pointer  travels  is  too  small  lo  eaabte 
the  engineer  to  land  the  cage  accurately.     There  are  some 
exceptions  tu  this,  however,  as  indicator.-!  have  been  made^j 
with  a  differential  motion  to  the  pointer,  which  was  greatet^| 
at  the  lime  uf  landing;  and  less  during  the  middle  of  ihe^^ 
hoist.     They  have  also  been  made  with  two  pointers,  one  to 
Operate  like  the  one  in  the  hoist  above  described,  and  tb« 
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to  remain  stationary  during  all  of  the  hoist  but  the  last 
feet,  then  to  start  and  move  all  the  way  around  its  eirele 
luring  those  few  feet  of  the  hoiKt.  Thui^c  have  not  been 
adopted  to  any  extent,  however,  and  rt;h'aiicc  has  iiioslly 
been  placed  on  a  mark  on  ihc  rujic  Lo  lucuie  ihc  landing 
accurately.  

ROPR  FA8TBN1KGS. 

2fi24S.  T"  fasten  the  rope  lo  the  drum,  a  very  common 
practice  is  to  pass  the  rope  through  a  hole  in  the  drum  rim 
and  clamp  it  to  the  drum  shaft. 
£uch  a  fastening  is  shown  at  a  in 
Pig.  914,  as  applied  lo  a  wood-lagged 
drum.  Care  should  be  taken  in  such 
ft  case  to  make  the  radius  of  curva- 
ture of  the  hole  at  A  as  large  :i- 
■possible  within  the  thickness  of  the 
lagging.  BO  that  the  rope  will  nut  he 
bent  any  sharper  than  is  necessary. 
'When  an  Iron  drum  is  used,  the 
thickness  of  the  rim  does  not  affurd 
enough  depth  in  which  to  bend  the 
rope,  and  it  is  necessary  to  build  in  a  pocket  for  the  purpose, 
as  shown  at  ^  iu  the  figure. 
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ROPES. 

3523.  R'umd  wire  ropes  have  already  been  considered 
in  Mine  Haulage,  and  as,  in  hoisting,  flat  and  tapered  wire 
ropes  are  also  use<l,  wu  n-ill  only  consider  these  here.  In 
the  use  of  ro|>c8  we  have  also  lo  consider  certain  details,  as 
follows:  Ropi'ttnh  ;  Di-fat/n'iig  /lovks ;    TaU-Kopcs. 

252-4.  Iron  or  Stvcl  Rupcs. — .\s  a  choice  between 
and  steel  for  ropes,  steel  is  the  better.  In  the  first 
a  steel  rope  is  lighter  than  ait  iron  rope  of  the  same 
strength,  and,  consequently,  makes  less  weight  to  be  handled, 
during  the  hoisting.  Weight  here  is  objectionable  because 
it  is  a  part  of  the  moving  mass.  and.  ihcrefure.  requires 
power  to  put  it  into  motion  and  to  slop  it  again.     It  is  also 
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objectionable  because  iL  requires  stronger  sheaves  in  Uic 
head-gear  and  driunK  in  the  engtiic-huusu  and  larger  shafts 
and  bearings  wherever  it  is  carried. 

In  the  second  plact^,  u  steel  rope  is  smaller  than  an  iron 
rope  of  Hie  same  tttrenglli,  and,  thcrefurc,  can  pass  around 
smaller  drums  and  sheaves  than  ihc  iron  rope. 

To  illustrate  these  ideas,  suppose  we  have  a  vertical  shaft 
1,800  ft.  deep,  and  arc  required  to  lift  at  the  t;nd  of  the  rope 
lu,(XH>  lb.  Now,  3  wrought-iron  rope  1)[  in.  in  diameter 
weifrlis  3.05  lb.  per  foot;  hence,  I.SOO  ft.  cf  it  would  weigh 
1.8t)l>  X  S.fiS,  or  6,570  lb,  This,  of  course,  nui&t  be  added 
to  the  load  to  be  lifted  to  get  the  total  load  on  the  rope, 
which  is,  therefore,- H),()00  lb.  +  G,57(i  lb.  =  ir.,.'S70  lb.,  or, 
«a)%  8J  tons.  The  breaking  strength  of  a  IJ-inch  wrought- 
iron  rope,  having  U>  wires  to  a  strand,  U  39  tons,  which 
gives  a  factor  of  safety  of  3&  •:-  8^  =  4.7. 

On  tlic  other  hand,  a  cast-atcci  rope  1  in.  in  diameter, 
having  I'j  wires  to  the  strand,  weighs  1.58  lb.  per  foot,  or 
a,.sn  lb.  per  1,S(W  ft.,  which  would  make  the  total  load 
ia,S44  lb.,  or,  say,  61-  tons.  The  breaking  strength  of  a 
1-inch  caal-steel  rope,  having  19  wires  to  a  strand,  is  33  tons, 
and  this  gives  a.  factor  o£  safety  of  5.1,  nearly. 

For  this  case,  then,  the  vrrought-iron  rope  weighs  ISH 
more  than  the  cast-steel  rope  and  gives  a  lower  factor  of 
safety.  Furthermore,  the  minimum  diameter  of  the  sheave 
or  drum  upon  which  it  would  be  safe  to  work  the  wroughi- 
iron  rope  is  IJ  x  tiU  =  im  in.,  ur  7^-  ft.;  whereas  the  east- 
steel  rope  would  work  safely  on  a  drum  or  sheave  1  x  ttOss 
flO  in.,  or  6  ft.  in  diameter. 

The  casi-siecl  rope  which  we  have  used  here  is  not  the 
highest  grade  of  rope.  There  are  special  high-grade  ropes 
made  of  plow  steel,  which  are  considerably  stronger,  and 
a  dimparisun  between  them  and  the  wronghl-iron  ropes 
would  show  a  siill  greater  difference  in  favor  of  steel.  A 
plow-steel  rope  1^  in.  in  diameter,  thesame  size  as  theabove 
wrought-iron  rope,  lias  a  breaking  strL-ngtli,  uh  will  be  :<cen 
by  referring  to  Table  40,  of  UO  tons,  almost  three  times  a^ 
much  as  the  wrougfai-iron  rope. 
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2525.  Round  Ropes. — Kound  rapes  arc  much  mare 
generally  u^^vd  Lhati  citliur  flat  or  tajicrcd  rofXTS.  There  arc 
two  kinds  of  them  manufactured,  one  being  more  pliable 
than  the  other.  The  first  of  these  contains  nineteen  wires 
ia  a  strand,  .iniL  ha;;  six  strands  wound  aruiind  n  beinp  cen- 
ter. These  are  generally  used  for  hoisting  and  [juwer  irans- 
mission  because  they  arc  very  pliable.  The  other  kind 
contains  seven  wires  in  a  strand,  and  hns  six  strands  wound 
around  a  hemp  center.  These  arc  not  jjciicrally  used  for 
hoifttinR  because  they  arc  not  pliable.  They  may  be  used, 
however,  if  necessary,  ami  if  extraordinarily  large  drums 
and  head  sheaves  are  used.  When  ordering  a  rope,  the  use 
to  which  it  h  going  to  l>c  put  should  be  staled  to  the  maker, 
3s  his  advice  on  the  subject  is  valuable.  Experience  has 
demonstrated  that  the  wear  of  a  rope  increases  with  the 
speed  at  which  it  is  worked.  It  is  therefore  advisable  to 
increaM?  the  load  rather  than  the  speed,  if  increased  capacity 
is  desired. 


2526.  Flat  Ropeii. — Plat  ropes  are  composed  of  a 
number  of  strands,  alternately  twisted  to  the  right  and  to 
the  left,  laid  alongside  of  eacii  other,  and  sewed  logctlicr  with 
soft  iron  wires.  They  are  wound  ujmmi  the  vertical  drums, 
or  reels,  which  have  been  previously  described,  because, 
after  the  rope  has  culled  unce  around  the  drum,  it  coils  upon 
itself  and  pile*  up  vertically  instead  nf  spreading  out  Kori- 
zantally.  Such  ropes  and  drums  arc  used  at  iiiany  mines 
in  the  western  jxirt  of  the  United  States,  and  at  .•^ome  mines 
ia  Europe,  but  they  are  practically  unknown  in  the  anthracite 
coal  regions  of  Pennsylvania. 

Many  advantages  have  been  claimed  for  them  that  have 
not  been  proved  by  actual  service.  The  c-oimterbalancing 
action  due  to  the  rope  coiling  on  itself  is  an  advantage, 
and  if  the  diameter  of  the  drum  be  made  small  enough  a 
remarkable  uniformity  in  the  load  may  be  obtained.  When 
the  rope  is  all  out,  and  so  presents  the  gR-atest  resistance, 
due  to  fts  weight,  it  winds  upon  a  small  diameter,  and  its 
lererage    U,   therefore,  small;    when  it  is  wound    up  and 


F.   iil.—i* 


08      HOISTING  AND  HOISTING  APPLIANCES.    §  ti 

preseota  the  least  rc^UtMticc,  it  winds  upon  a  Irtrgc  diamctet 
and  lis  Icvcrat^e  is  lar};e. 

As  was  stated  in  studying  drums,  it  is  also  an  advantage 
to  have  a  r«t;l  as  compared  with  a  cylindrical  or  conical 
drum,  on  account  of  the  short  drum  shaft  that  can  be  uficd, 
and  the  consequent  bringing  together  of  the  engines.  A 
reel  is  also  less  costly  to  Iniiid. 

All  the  advantages,  however,  that  can  be  counted  up  in 
favor  of  flat  ropes  are  mure  than  counterbalanced  by  the 
excessive  wear  of  ihc  rope,  duo  to  its  coiling  uiM>n  itself,  to 
the  nature  of  its  construction,  and  by  its  greater  first  cost. 

ZSZ7.  In  the  fullowing  table  are  given  the  sizes,  weights, 
and  breaking  strengths  oi  steel  Aat  ropes: 


TAHLF-:    49. 
FLAT  tITIiKI.  MOI>i:». 
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Sixe. 

Weight 

Bruikinjt 

Sue. 

WeiKht 

Breaking 

per  Ft. 

Slrength. 

per  Ft. 

Strength. 

Inches. 

Pounila. 

P»iind<, 

Incbea. 

PtraaiJa. 

I'll  nod*. 

|x   -i 

1.27 

3S,5O0 

iX    3 

8.57 

76,500 

|x    Si 

1.52 

46,000 

\X    3i 

3.00 

8!),  500 

|X     8 

2.02 

((1,000 

iX    4 

3.43 

103,000 

ftX    3^ 

a.29 

Ofl.OWO 

ix   H 

3.86 

115,000 

|X    4 

2.53 

rc.isoo 

^  X    5 

4.29 

137.500 

Sx   H 

3.04 

'.)•-;.  yot> 

1  X    6 

5.U 

153.000 

fX    6 

3.39 

90,500 

tX    7 

€.01 

178,500 

ftx   s 

4.05 

123,600 

i  X    8 

6.  SO 

304,000 

g  X    4 

3.90 

I4:(,ooo 

fX     5 

S.81 

183,500 

«x   n 

4.G-i 

10(5.300 

JX     1- 

7.74 

245,000 

|X     5 

5.28 

190.500 

iX    7 

8.71 

275,500 

fx   & 

6.  CO 

238,000 

fX    8 

0.C8 

.106,000 

8X    7 

7.ac 

aya.ooo 

IX    5 

11. C3 

367,000 

IX    8 

8.A8 

SOJt.SUO 

JX  10 

1-2.58 

308,  (too 

8x   9 

9.24 

333.000 

iX  11 

13.55 

•128,»iaj 

3x  10 

10.  SO 

381.000 

iXl3 

I5.4d 

4Stt..'ift^ 
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252S.  Taper  Ropes. — A  taper  rnpe  is  one  made  taper, 
ing  from  end  to  end,  with  the  idea  of  givintf  it  unifurm 
strength  while  carryinj;  its  own  wcisht.  It  is  less  in  diame- 
ter and  leas  slronff  at  the  circ  end,  where  the  load  cimsists 
only  of  Che  cage,  car,  and  its  cotitents,  and  it  is  greater  in 
diameter  and  sironger  at  the  drum  end,  where  the  l<ud  con- 
sists of  the  cage,  car,  its  contents,  and  the  weight  nf  the  rope 
itself.  Rapes  of  this  kind,  both  round  and  fiat,  have  been 
used  to  some  extent.  The  idea  is  correct,  theoretically,  and 
a  rnpc  made  thus  will  he  stronger  for  a  given  weight  than 
an  ordinary  rope,  but,  practically,  the  scheme  is  nut  a  good 
one.  A  taper  rope  to  do  a,  given  amount  of  work  costs  more 
than  a  straight  one,  and  owing  to  the  difficulty  of  manufac. 
lure  itcan  not  be  made  so  perfect.  Besides,  it  will  not  work 
veil  over  the  sheaves  and  dnim-t,  because  of  its  changing 
diameter.  In  fact,  it  is  not  a  practical  rope,  and,  therefore, 
it  docs  not  require  our  attention. 


2629.  Rope-Ends. — One  of  the  vital  points  of  a  hoist- 
ing plant  is  the  atia<-hmcnt  to  the  end  of  the  rope.  The 
bucket,  car,  or  cage  ha*  fixed  to  it  two  or  more  lengths  of  chain 
terminating  in  a  ringar  shaikle.  and  it  is  necessary  to  fasten 
to  the  end  of  the  rope  something  by  which  a  secure  though 
temporary  connection  can  be  made  to  this  shackle.  It  is 
generally  called  a  capping,  and  exists  in  many 
different  forms.  The  old  plan  was  to  employ 
two  semicircular  collars  encircling  the  rope, 
these  being  prevented  from  slipplnfj  or  draw- 
ing off  by  rivets  which  passed  both  through 
the  rope  and  the  capping.  The  driving  of 
theic  rivets  necessarily  injured  the  ropes,  and 
to  remove  this  objection,  a  capping  consisting 
of  two  halves  of  a  conical  sleeve  with  collars 
driven  over  it,  as  shown  in  Fig.  Ol.'i,  was  used. 
The  two  parts  of  the  sleeve  are  one  piece  with 
the  link  at  A.  They  do  not  come  together 
when  closed  over  the  rope;  so  when  the  rings 
S,  S,  B  are  driven  down  over  the  cone  the  two      tuo.  11&. 
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parts  of  the  sleeve  clamp  the  rope.     The  objection,  how^ 
t-vcr,  is  that  there  is  not  a  positive  hold  luken  of  the  rope, 
but  reliance  is  placed  on  the  friction  o{  the  clamp. 

The  best  ropc-cnd  in  use  is  a  ■wrought-iron  or  sleel  conical 
socket,  as  shown  in  Fig.  ttllj.     This  is  in  one  solid  piece. 
To  allnch  it  to  the  rope,  the  rope  is  first 
threaded  through  from  the  small  end  and 
allowed  to  project  a  short  distance. 

The  ends  of  the  strands  are  opened  and 
bent  back  on  themselves,  part  of  e*cli 
strand  being  cut  away.  This  makes  the 
end  of  the  rope  conical,  and  in  that  con- 
dition it  is  drawn  hark  into  the  socket. 
As  an  additional  security,  a  conical  wedge 
is  often  inserted  in  the  place  originally 
occupied  by  the  hemp  core.  E.xccpt  un- 
_•    I  ■    L,^*-*''  abnormal  conditions,  it  is  impossible 

^       ^^HMiai     p  to  (iraw  the  thick  end  of  the  rope  through 
Fio.sia.  ihe  small  end  of  the  socket  without  first 

splitting  it.  If  properly  constructed  of  suitable  material, 
such  a  thing  could  scarcely  happen.  For  very  heavy  loads, 
collars  are  shrunk  on.  At  ihc  point  where  the  rope  leaves 
the  capping,  the  wires  arc  subjected  to  a  sharp  bending 
action,  and  often  break.  It  is,  therefore,  necessary  that 
careful  inspection  should  often  be  made  at  this  point.  A 
plan  is  adopted  at  some  collieries  of  re-capping  the  ropes  at 
regular  intervals,  whether  they  appear  to  require  it  or  not. 
In  wet  shafltt  the  wires  rust  inside  of  the  capping,  and  such 
action  can  not  be  detected,  To  prevent  it,  the  capping  is 
sometimes  run  full  of  lead,  which  is  a  very  good  scheme.     J 


2530.  l>t;tachin[>;  liookH. — In  all  hoi&ting,  there  is 
more  or  less  danger  of  overwinding  when  the  car  is  lifted 
too  far,  and  it  is  then  dashed  m>.>re  or  less  violently  against 
some  timber  or  other  obstruction.  Various  »cbeme&  have 
been  adopted  to  automatically  prevent  this,  chief  among 
which  are  the  detaching  huuks;  although  it  can  not  be  said 
that  any  of  them  hav«  t>een  a  decided  success.       In  tha 
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tTnited  States,  and  capeci^tly  in  Lhceustcni  cual  fields,  there 
is  a  strongs  feeling  against  the  adoption  of  any  such  device. 
It  is  held  that  they  inspire  the  engineer  with  a  misleading 
feeling  of  security;  that  they  arc  more  or  less  complicated 
in  cfmstructton,  and  si)  need  care,  and  destroy  the  simpticiiy 
ol  the  plant;  that  thty  may  bo  the  direct  cansc  of  accident 
by  introducing  new  clemt-nts  of  danger;  that  they  add  to 
the  cost,  and  that  they  arc  not  thoroiighly  reliable, 

Aicain,  it  is  held  that  the  surest  prevention  )»f  overwind- 
ing is  obl;iined  by  the  empl-jymeiit  of  a  suber,  reliable,  and 
competent  engineer,  who  i»  held  personally  responsible  for 
overwinding  accidents;  by  having  a  gt>od  brake  and  an 
engine  thoroughly  umler  the  control  of  the  engineer;  by  a 
reliable  method  of  indicating  the  position  of  the  cage, 
whether  by  hoist  indicator,  by  mark  »n  the  rope,  or  by  both, 
and  by  Ki\"ing  sufficient  height  to  head  shcavts  to  allow  of 
considerable  botstiug  over  and  above  that  necessary  for 
landing. 


2531.  In  England,  detaching  honks  are  used  quite 
generally.  They  were  originally  of  two  kinds:  those  which 
simply  detached  the  rope,  and  those  which  at  the  same  time 
prevented  the  cage  from  falling;  but,  itincc  additional  means 
had  to  be  provided  in  the  former  case  for  holding  the  cage, 
they  have  given  way  to  the  latter  kind.  There  are  several 
such  hooks  tn  be  had,  which  dilTer  from  each  other  only  in 
the  smaller  details,  fn  all  of  them,  detachment  is  effected 
by  passing  the  rope  through  a  rircMlar  hole  in  an  iron  plate, 
or  through  an  iron  cylinder,  the  size  of  which  ts  sufHcicnt  to 
allow  a  portion  of  the  hooks  to  pass  through  in  its  working 
state,  but  not  to  allow  it  to  fall  back  again  v/Hl-ii  disengage- 
ment has  taken  place.     Such  a  hook  is  shown  in  Fig.  yi7. 

It  consists  of  two  outside  fixed  plates  A  and  A,  enclosing 
between  them  two  inner  movable  ones  li  and  A',  which  can 
oscillate  about  a  strong  pin  C  passing  thnnigh  both  plates 
and  framework.  The  upper  ends  of  plates  A  and  A  arc 
made  of  uniform  width,  somewhat  less  than  the  diameter  of 
tfa«  bole  in  the  disengaging  plate;  but  near  the  bottom  there 
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are  two  projections /?atitl  P.  to  prevent  Ihehoofc  from  pass- 
ing  entirely  llirough  the  hole.  The  winding-rope  i^  attached 
to  the  top  shackle  /i,  and  the  cage  to  the  lower  one  F.  ^| 
When  the  two  movable  plates  are  placed  on  the  central  bolt,  ^^ 
their  upper  parts  close  in  opposite  directions  upon  the  pin 
the  shackle  and  entirely  overlap  it.  In  this  position,  thejr 
arc  secured  by  a  copper  pin  G.     In  case  of  overwinding. 


Via.  917. 

when  the  hook  passes  into  the  hole  of  the  disengaging  plate 
J/,  the  two  projections  on  plates  />  and  A,  shown  at  A'  and  ^^ 
K,  arc  forced  inwards,  turning  the  plates  about  the  ccntral^f 
bolt  C.  This  shears  the  copper  pin  0'  and  at  the  same  time  ' 
releases  the  shackle  £.  The  inner  jjlatcs  arc  then  in  such  a 
position  that  the  projections  on  them  at  L  and  /.  can  not 
pass  down  through  the  hole  again.  The  cage  then  hangs  by 
the  hooks  to  the  disengaging  plate,  and  the  rope  goes  on  to 
the  drum  until  it  stops  winding.     An  objection  that  can  be 
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ttiwd  against  this  hook  is  that,  being  constructed  of  plates, 
there  is  considerable  surface  in  contact  lietwccn  the  moving 
parts,  and  unless  they  arc  regularly  taken  apart  and  oiled, 
there  is  danger  of  their  rusting  firmly  together. 

12532>  Tflll-Ropci*. — When  cylindrical  drums  .arc  used 
forhoifciing,  perfect  ciiunierl):danciiig  of  the  weight  of  the 
rope  can  be  secured  by  several  methods;  but  they  have  all 


Pio  m. 

given  way  to  the  endless-rope  system,  for  it  has  proved 
preferable  to  all  others.  It  consists  in  attaching  to  the  un- 
der side  of  one  of  the  cages  a  lail-rnpe  equal  in  size  to  the 
hoisting  rope;  and  after  running  it  down  (he  shaft  into  the 
sump,  where  it  forms  a  semicircle,  returning  it  up,  and  at- 
taching it  to  the  under  side  of  the  other  cage.     Such  an 
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arrangernent  is  shown  in  Fig.  HIS.  When  this  system  was 
first  iiuroiduced.  it  was  thought  that  ii  pulley,  or  sheave, 
must  always  be  placed  in  the  sump  for  the  lail-rope  to  pass 
around,  the  sheave  bcinn  free  to  move  up  and  down  with 
any  chariRe  of  Icnpth  of  the  rope,  but  secured  afjainst  any 
other  motion.  The  sheave  shaft  rotated  in  bearinpt  ar- 
ranged to  move  up  and  down  in  verticil  guides,  and  the 
weight  of  the  whole  affair  was  carried  on  the  rope.  In  many 
cases  however,  no  such  pulley  is  used.  All  that  has  Ijccn 
done  to  keep  the  tail-rope  from  twisting  is  to  fix  two  beams, 
side  by  side  across  the  shaft  in  the  sump,  between  which 
the  tail-rope  passes,  and  another  one  below  this  in  the  oppo- 
site direction  passing  through  the  loop  in  the  rope.     This 

arrangement  is  shown  in  Fig. 
911).  It  is,  perhaps,  preferable 
to  use  a  guide-pulley  in  the 
sump,  as  old  winding-ropes  can 
then  be  used.  Otherwise,  a 
spet^ialropc  has  to  be  employed, 
Pio.  nft  as   old   wiiiding-ropcs  are  not 

sufficiently  flexible  to  run  around  such  a  loop  without 
the  assistance  of  a  pulley.  The  tail-rope  is  connected  to  the 
bottuni  of  ibc  cage  by  any  ordinary  capping,  with  a  bolt 
passing  through  il,  and  a  cross-piece  of  the  cage.  By  this 
system,  perfect  counterbalancing  is  obtained,  as  a  factor  is 
introduced  which  is  equal  and  opposite  to  the  hoisting  rope. 
An  objection  to  its  use  lies  in  the  fact  that  a  greater  weight 
is  put  upon  the  capping  of  the  hoisting  rope,  which  is  liable 
to  be  a  weak  part  of  the  apparatus.  Great  care  should.' 
therefore,  be  taken  to  see  that  the  cupping  is  as  strong  or  a 
little  stronger  than  the  rope  itself.  The  load  on  the  head 
sheaves  is  no  more  than  the  maximum  load  without  the 
tail-rope;  but  it  is  a  uniform  load,  and,  therefore,  possibl 
preferable. 

The  power  of  the  motor  need  not  be  so  great  when  a  ta 
rope  is  used  as  when  no  tail-rope  is  used,  because  it  docsn 
have  to  lift  the  weight  of  the  hoisting  rope  hanging  in  th« 
shaft,  this  being  balanced  by  the  tail-rope;  but,  ou  the  other 
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hand,  the  inertia  of  the  moving  parts  is  greater,  due  to  the 
mass  in  the  tail-rope. 

Sometimes  difficulties  arise  frnm  the  fact  that  the  vertical 
center  lines  of  the  two  cages  arc  very  near  together,  and 
that,  therefore,  the  sheave  that  can  be  used  in  the  sump  to 
guide  the  tail-rope  is  of  too  sma.U  a  diameter.  To  uliviate 
this  difiSculty  a  chain  is  sometimes  used  instead  of  a  rope. 


CARS. 
2533>  We  use  the  term  car  here  in  its  broadest  sense, 
covering  whatever  is  on  the  end  of  the  ri->pc.  In  practice, 
however,  the  term  used  in  that  way  would  ran  be  definite 
enough.  In  studying  the  dilTerent  styles,  we  will  do  go  un- 
der their  specific  names,  that  is  tn  say:  Buckels ;  Cross* 
luads;  Cars;  Ca^s ;  Gunboais,  or  Skips. 


BUCKETS. 

2534.  The  simplest  sort  of  a  car  for  hoisting  material 
from  a  mine  is  what  is  gcnernily  called  a  bucket.  It  is 
used  to  a  great  extent,  both  in  small 
operations  permanently  and  in  large 
operatinns  for  sinking  purposes.  Pig. 
9S0  represents  such  a  Inicket.  They  arc 
Ittualty  made  of  l>oilcr-iron,  about  three 
<net  in  diameter  ut  the  top.  two  feet  ^six 
inches  in  diameter  at  the  bottom,  and  r>f 
about  the  same  depth.  They  are  sus- 
pended by  a  handle,  pivoted  slightly 
below  the  center  of  gravity,  and  are 
locked  in  an  upright  position  by  loose 
rings  on  the  handle  which  slip  over  pins 
on  the  rim  of  the  burlcrt,  as  shown  in  the  figure,  Wht-n  the 
hoist  has  been  made  and  it  is  desired  to  empty  the  biiukel, 
this  ring  is  lifted  up  so  as  to  release  the  bucket  at  the  top, 
irhcn  it  will  upset  of  itM'lf.  It  is  well  to  use  two  such  buckets 
for  regular  service,  so  that  one  can  be  k-ft  at  the  bottom  to 
be  filled  while  the  other  is  hoisted  with  its  load.     This  saves 
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the  time  occupied  in  llie  filling;,  but  it  necessitates  an  at- 
ihe  rope  that  is  quickly  made  and  unmade, 
while  it  IS  yet  entirely  secure.  A  spring  hook  is 
used  fnr  tliis  purpose,  such  as  shown  in  Fig.  921. 
Sometimes  the  bucket  is  suspended  from  a  ring 
by  three  chains,  instead  of  the  handle  shown,  and 
in  that  ease  the  loaded  bucket  at  the  top  is  replaced 
liy  an  empty  one,  ihe  loaded  bucket  being  taken 
away  lu  he  emptied. 


Pio.  wi 


2fi3fi.  In  cases  where  the  shaft  is  sunk  to  a 
considerable  depth,  and  there  ts  a  likelihood  of 
the  bucket  swiiijfing  about  in  the  shaft,  a  croH»>bcadi 
is  used  to  guide  it.  This  is  simply  a  frame,  usually  of 
wrought  iron,  fitted  to  run  up  and  down  on  the  guides, 
and  arriingrd  to  take  hold  of  the  end  of  the  rope  just 
above  the  bucket.  Huch  a  cross-head  is  shown  in  Kif;. 
029,  in  which  ti  is  a  side  elevation,  3  &  plan  of  the  lower 
cross-piece,  and  <•  a  plan 
of  the  upper  crnss-pieec. 
The  guides  are  shown  at 
A  and  A.  The  cross- 
head  consists  of  an  upper 
cross-piece  B  and  a  lower 
cross-piece  C,  tied  to  each 
other  by  the  angle-irons 
D  and  E.  At  each  end  of 
each  cross-piece  there  is 
a  shoe  which  fits  over  the 
guide  easily,  so  that  it  can 
slide  up  and  down.  These 
four  shnes,  therefore,  enn- 
trol  the  motion  of  the 
cross- head.  The  upper 
cross-piece  is  a  vertical 
plate  fastened  to  the  shoes 
by  angle-irona,  and  bent 
in  the  middle  to  clear  the 
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rope.  It  is  stiffened  transversely  byanelc-ironsaUmg  Us  lower 
edge,  but  l  hcse  do  not  pass  (he  center  because  of  the  offset  for 
the  rope.  To  stiffen  it  here,  a  horisontal  plate  is  riveted  tti  the 
under  side  of  the  angle-irons,  as  shown  at  F  in  the  j»Ian  r. 
The  lower  crow-piere,  likewise,  is  .1  vcrtiral  plate,  fastened 
to  the  shoes  and  stiffened  in  the  same  manner  as  the  upper 
cross-piece.  At  the  iniiMIe,  however,  it  is  Iwnt  out  into  a 
semicircle  of  considerable  5120,  and  to  it  isWItcd  another 
plate  or  strap,  aleo  bent  into  a  semicircle. 
This  forms  a  rinp,  into  which  is  placed  the 
box,  shown  in  Fig.  »4:i  to  a  larger  scale. 
Tbe  box  ba»  flanges  outside  and  inside,  top 
and  bottom,  Its  diameter  /f  is  llie  same 
a:^  the  inside  diameter  of  the  ring  of  the 
lower  cross-piece,  and  the  distance  £  be- 
tween its  outside  flanges  is  the  same  as 
the  depth  of  the  cross-piece.  In  other  V I 
words,  it  is  made  to  fit  the  ring,  and  becomes  | 
a  part  of  the  cross-head  when  in  place,  with 
the  strap  bolted  over  it.     It  is  lined  with  na  m. 

wood,  and  both  it  and  the  wooden  lining  arc  in  halves,  so  as 
to  get  them  o%'er  the  rope.  The  rope  has  a  cone  on  its  end — 
sometimes  the  rope-socket  is  made  to  answer  this  purpose — 
and  this  cone  fits  in  the  conical  hole  in  the  wooden  lining. 

The  cross-head  then  rests  on  this  cone  and  is  carried  up 
and  down  by  the  rope,  which  it  in  turn  guides  and  steadies. 
In  sinking,  there  is  always  more  or  Icssdistance  from  where 
the  guides  end  down  to  where  the  loose  rock  is.  Stops  are, 
therefore,  put  on  the  ends  «f  the  guides  to  lake  the  cross- 
head  when  it  comes  down,  and  to  allow  the  huckei.  to  go  on 
to  the  bottom.  When  the  bucket  eomcs  upagain.  the  cross- 
bead  i"*  picfecd  up  and  carried  to  the  top,  during  which  time 
it  keeps  the  bucket  from  swinging  about. 


2536.  Occasionally,  when  thchoistway  from  the  minei« 
a  slope,  and  especially  when  it  approaches  the  horizontal, 
the  ordinary  mine-cars  are  tisl-U  to  convey  the  material 
to  the  surface.     They  need  not  differ,  however,  from  the 
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ordinary  car  bccatisc  of  this  service,  ami  wc  will,  therefor^ 
not  take  them  up  hcrv.     They  arc  not  essentially  a  part  of 
the  livistlng  plant,  and  so  du  not  enter  uur  present  studies- 


CAGES. 

2537.  The  surface  conditions  of  a  hoisting  plant  arc 
often  such  a:  to  nctcssitaie  the  carryiny  uf  the  jnaterial 
novae  distance  fram  the  mutitb  of  th«  hoistway.  It  is  then 
advisable  to  brint;  the  mine-carK  to  the  surface  with  their 
contents,  in  order  to  avoid  the  unloading  and  reloading  of 
the  material;  and  this,  too,  when  the  hoistway  is  a  vertical 
shaft  or  a  slope  that  is  too  steep  to  run  the  mine-cars  on. 
In  such  a  case  an  auxiliary  rar  is  used  to  carry  the  mine- 
cars;  and  this  auxiliary  car  is  known  as  a  cnice,  whether  it 
is  for  a  slope  or  a  t;haft. 

When  the  inclination  of  the  slope  exceeds  35°,  the  cars  arc 
tisunlly  raised  on  cages,  because  the  material  will  not  stay 
in  them  on  steeper  pitches.  These  cages  are  sometimes 
built  to  run  on  a  slope-track  as  arranged  for  mine-cars,  but. 
to  insure  stability,  they  arc  generally  of  a  broader  gauge. 
The  head-room  necessary  is  governed  not  so  much  by  the 
form  of  cage  as  by  the  length  of  the  car  and  the  inclination 
of  the  fcam.  This  height  is  less  when  the  cars  are  placed 
on  the  cage  with  their  length  across  the  slope  than  when 
they  are  run  on  lengthwise;  but  as  this  arrangement  in- 
creases  the  width  of  the  slope,  il  is  not  always  an  improve- 
ment on  the  other  method.  When  the  inclination  of  the 
vein  is  very  steep,  the  wheels  arc  sometimes  placed  on  the 
sides  of  the  cage  and  above  the  center  of  gravity,  and  are 
run  on  tracks  or  guides  supported  hy  timbers  on  each  side  of 
the  slope.  Such  slopes  resemble  shafts  in  many  particulars, 
and  in  metalliferous  mining  districts  would  be  so  described. 

12fi3H.    The  cage  shown  in  Fig.  024  is  a  goorl  stiff  cag^l 
built  of  wood,  simple  of  construction  and  easy  to  repair. 
Its  details  will  be  readily  understood  from  the  illustration, 
except,  perhaps,  the  di-vioe  for  locking  the  car  to  prevent  its 
running  oft  during  the  hoist.     The  platform  A  having  a 
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piece  of  ihc  car  track  «m  it,  may  mov«  vertically  up  or 
down.  As  sliuwn  iii  the  side  elevation,  it  is  resting  on  the 
horizontal  timbers  B  of  the  cage  in  a  pusitiun  read/  (ur 
hoisting.  At  the  end  of  the  hoist,  wht-n  the  cage  .settles 
upon  the  Icccps  C  and  f,  shown  in  the  end  elevation,  this 
platform  reaches  them  lirst  and  is  supjiurtcd  by  them  while 
the  rest  of  the  ca(;e  descends  still  farther,  until  ihc  timbers 
D  aud  D  rest  upon  the  keeps  also.     Tii«  track  on  the  plat- 


form  A  is  then  at  the  same  level  as  that  on  T).  and  the  car 
can  be  run  off  and  replaced  by  another.  When  lUc  new  cur 
is  on  and  wc  are  ready  to  make  another  trip,  the  cage  is 
lUted  from  the  keeps,  hut  the  iilatf'irm  remains  until  the 
timber*!  B  and  /'  of  the  cage  come  up  and  pick  it  up.  Then 
the  keci>s  are  swung  back  out  of  ihc  way,  and  the  descent  is 
made.  Keeps  for  such  a  purpose  must  be  part  of  every 
cage,  whether  for  slope  or  shaft. 

2539*     P'K-  '*"25  shows  a  slinfl  cnisu  of  in«Klcrn  con- 
struction built  of  wood.     Besides  ihe  c.^gc  projjcr,  it  shows 


A 
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several  appliances  that  should  be  cuminon  to  all  cages  in 
some  form  or  other.  In  the  first  place,  there  is  a  covering 
A  and  A  at  the  top,  callcil  a  catiopy,  or  bonnet*  tu  pro- 
tect any  person  on  the  cage  from  objects  falling  down  the 
shaft.     This  is  shown  as  made  of  heavy  wroughl-tron  plate. 


Fictin. 


with  flanges  or  angle-irons  to  iitiffen  it.  Sometimes  plank- 
ing is  used  for  this  purpuse.  These  canopies  are  required 
by  law  in  the  State  of  Pennsylvania.  They  are  usually  in- 
dined,  so  that  object*  falling-  ujMin  them  will  slide  tlown  and 
drop  upon  the  cage.     To  prevent  objects  of  moderate  siic 
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from  wedging  between  the  edge  of  the  canopy  and  the  shaft 
lining,  they  are  usually  made  shorter  than  the  cage,  so  that 
a  space  of  about  a  foot  is  left  between  the  lower  edge  of  the 
canopy  and  the  shaft  lining  or  buntons.  One  part  of  the 
canopy,  as  A,  is  fastened  to  the  cage  by  two  hinges  and  held 
up  by  two  rods  B  and  B,  which  have  sockets  at  their  lower 
ends,  and  which  fit  over  pieces  bolted  to  the  uprights  of  the 
cage.  This  is  done  so  that  long  timbers  for  props  and  other 
purposes  may  be  lowered  on  the  cage  very  readily. 

2540.  Besides  the  canopy,  as  shown  in  the  figure,  there 
are  also  safety-catcbcB,  consisting  of  a  pair  of  toothed 
cams  6  and  d,  located  on  either  side  of  the  cage,  near  the 
guides,  and  arranged  to  be  thrown  in  against  the  guides  by 
the  spring  C,  in  case  the  rope  breaks. 

The  law  of  the  State  of  Pennsylvania  requires  an  im- 
proved safety-catch  on  every  carriage  used  for  lowering  or 
hoisting  persons. 

In  Fig.  926  the  safety-catches  are  shown  to  a  larger  scale. 
The  upper  head-piece,  or  cross-piece,  of  the  cage  is  shown 
at  A.  The  draw-bar  B,  to  which  the  rope  is  attached,  rims 
through  this  and  extends  far  enough  down  to  carry  a  plate  C 
with  a  spring  between  it  and  the  head-piece.  The  v;eight 
of  the  cage,  therefore,  is  carried  by  the  head-piece  through 
the  spring  on  the  plate  C.  The  spring  shown  in  the  figure 
consists  of  three  pieces  of  rubber  with  cast-iron  plates  in 
between  them,  to  guide  them  and  help  them  keep  their  form 
underpressure.  Rubber  springs,  however,  are  not  essential. 
In  this  same  design  of  safety-catch,  a  helical  steel  .'ipring 
could  be  used  instead  of  the  rubber;  or,  with  a  little 
different  design,  a  flat  steel  spring  could  be  used.  Around 
the  spring  isshowna  cylinder  /),  which  serves  two  purposes: 
it  protects  the  spring  from  the  moisture  in  the  shaft  and 
also  serves  as  a  guide  to  the  plate  C  by  being  cut  away  to  re- 
ceive it  at  E  and  £.  To  the  plate  C  are  attached  links 
/",  f,  which  in  turn  take  hold  of  the  levers  C,  G.  A 
plan  of  one  of  these  levers  is  shown  at  //.  From  the  outer 
ends  of  the  levers,  connections  K,  K  extend  down  to  and 
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are  attached  to  the  cccentric-shap«d  toothed  brass  cams,  or 
dogs,  y,  /. 

Let  us  now  follow  out  the  action  tliat  lakts  place  from 
the  draw-bar  to  the  cams  at  ihe  Itft.  The  draw-bar  la 
shown  in  its  lower  position,  being  pushed  down  by  the  rub- 
ber spring  and  nut  held  iip  by  iht;  pull  o{  the  rope.  It  h;i3 
carried  down  with  it  the  plate  C,  the  links  ^and  F,  and  the 
inner  ends  of  the  levers  G  and  G.  The  outer  ends  of  the 
levers  are,  therefore,  in  their  upp^r  pnsilinn,  asare  also  the 
connections  A'and  A';  and  this  juits  the  cams,  or  dogs,  into 


such  a  position  that  their  first  teeth  will  engage  with  the 
guides.  The  instant  this  occurs,  if  the  caj^c  is  falling,  the 
cams  will  be  carried  around,  diggini,'  their  tcclh  deeper  and 
deeper  into  the  guides,  and  ihtr^by  stopping  its  fall.  The 
cams  are  provided  will)  a  projeclion  a,  which  strikes  the 
guides  and  prevents  them  from  turning  all  around. 

When  the  cage  is  pii:kcd  up  by  the  roi»e,  the  springon  the 
draw-bar  is  compressed,  allowing  the  draw-bar  lo  take  its 
upper  position  as  shown  by  the  dulled  circles.  This  carries 
up  the  plate  C,  the  links  /-'and  J;  the  inner  ends  u(  the 
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levers  G  and  C,  and  causes  the  outer  ends  of  the  levers  and 
their  connections  K  and  K  to  move  down,  thus  rotating  the 
cams  away  from  the  guides.  This  position  of  the  cams  is 
shown  at  L. 

Some  engineers  prefer  placing  the  cams,  or  dogs,  nearly 
opposite  the  cage  platform,  while  others  place  them  near  the 
top  of  the  cage.  The  latter  arrangement  seems  preferable, 
because  it  simplifies  the  construction, 

25-41.  One  of  the  chief  difliculties  that  has  been  experi- 
enced in  the  use  of  safety-catches  is  their  tendency  to  be 
thrown  into  action  by  any  sharp  jars  or  shocks  to  which  the 
cages  may  be  subjected,  by  the  sudden  stopping  of  the 
engine  or  by  the  landing  of  the  cage  at  the  top  or  bottom. 
But  accidents  from  this  cause  are  now  extremely  rare;  and 
if  proper  care  is  taken  in  adjusting  the  springs  and  catches, 
there  seems  to  be  no  reason  why  any  such  difficulty  should 
occur.  Practical  tests  of  the  catches  in  use,  made  by  hang- 
ing the  cage  and  allowing  it  to  drop,  show  that  they  are,  as 
a  rule,  very  efficient  devices.  The  cams  usually  take  hold 
at  once,  the  cage  dropping  only  a  few  inches,  or,  at  most,  a 
few  feet.  When  the  guides  are  very  greasy  or  wet,  the  trial 
tests  are  sometimes  not  so  satisfactory,  and  the  cage  may 
drop  several  feet  before  the  cams  take  a  firm  hold  and  stop 
it.  The  results  are  still  less  satisfactory  when  the  guides 
are  covered  with  ice;  but  even  in  this  latter  case,  the  cage 
sometimes  drops  less  than  one  foot. 

Fortunately  for  the  utility  of  safety-catches,  mpcs  are 
usually  broken  while  a  loaded  cage  is  being  raised,  and  the 
cage  has  an  upward  momentum;  if  a  rope  breaks  on  the 
empty  side,  and  when  the  cage  is  ra|)idly  descending,  at  a 
speed,  say,  of  30  ft.  or  40  ft.  a  second,  its  momentum  is  so 
great  that  either  the  catches  must  break  or  the  cafje  or 
guides  and  shaft  lining  will  be  torn  to  pieces.  The  catches 
generally  hold,  and  either  the  guides  or  cage  suffer  more  or 
less  injury  under  such  circumstances.  In  e.'cperiniental 
tests,  with  ice-covered  guides,  the  cage  has  been  known  to 
fail  eight  to  fifteen  feet  before  the  cams  plowed  their  way 
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through  ihc  ice  and  Uwk  firm  hold  of  the  guides;  but  tW 
momcnttim  the  cage  acquired  was  so  great  tha.t  the  guides 
were  deslroved. 


h^ 


2542.  Both  of  th«  cages  already  illustrated  are  built 
prinnpaily  of  wood.  This  i«  not  the  univerRal  practice,  for 
iron  and  steel    cages  are  al&u  largely  used.      In  Fig.  927 


Flo.  m. 

is  shown  an  iron  rage  wiiich  also  iMustr.itcs  another  feature; 
that  is,  its  iibility  t«  dump  The  figure  shows  the  rage 
partly  dumped.  The  mine-cars  arc  run  on  to  this  cage  at 
the  iKitlom,  jitst  as  they  are  on  any  rage,  except  that  ihcy 
are  more  thoroughly  ficcurcd.and  are  hoisted  into  the  head- 
house  and  dumped  while  still  on  the  eage.      As  will  be  seen, 
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the  cage  consists  of  two  parts.  The  first,  a  frame  A  made 
up  of  the  upper  cross-piece,  to  which  the  rope  is  fastened, 
two  guide  pieces,  and  a  distance-piece  at  the  lower  end;  the 
second,  the  cage  B  which  rests  upon  trunnions  secured  to 
the  frame  A.  The  uprights  of  the  cage  carry  dumping 
wheels  a  on  each  side,  which  run  in  special  tracks  6  made 
for  them  in  the  head-frame,  and  so  turn  the  platform  of  the 
cage  over  to  the  dumping  angle.  The  use  of  dumping 
cages  is  principally  limited  to  cages  used  for  simply  raising 
mine-cars  from  the  surface  to  the  top  of  the  breaker. 

Few  engineers  consider  the  use  of  dumping  cages  for 
winding  shafts  advisable  or  even  allowable.  They  are,  at 
best,  cumbersome,  more  or  less  complicated,  and,  conse- 
quently, liable  to  accident. 


GUNBOATS.    OR    SKIPS. 

2543.  Gunboats,  or  skips,  are  self-dumping  cars  used 
for  hoisting  in  a  slope.  They  are  usually  built  of  boiler- 
iron,  although  sometimes  of  wood,  and  are  generally  large 
enough  to  hold  several  mine-carloads;  that  is,  they  often 
carry  four  to  five  tons  of  coal.  A  scheme  peculiar  to 
gunboats  is  to  have  the  wheels  fixed  upon  the  axles  and 
the  axles  seated  in  pedestals.  This  insures  smoother  run- 
ning than  is  obtained  with  loose  wheels,  but  the  pedestals 
are  so  located  that  they  are  not  readily  accessible  for 
lubrication. 

2544.  Fig.  928  represents  a  modern  gunboat,  closed 
along  the  top  a  and  open  at  the  end  i>,  which  is  cut  about 
the  angle  of  the  slope  in  which  it  is  to  be  used.  It 
will  be  noticed  that  the  bottom,  sides,  and  top  are  stiffened 
by  angle  or  tee  irons,  and  the  back  is  stiffened  and  pro- 
tected by  3-inch  planks,  backed  by  3  in.  x  0  in.  timbers. 
The  details  of  the  pedestal  bearings  are  shown  in  Fig. 
929.  They  consist  of  three  castings:  the  pedestal,  or 
bracket,  a,  which  is  bolted  or  riveted  to  the  gunboat;  a 
pivot  casting   6,   and  the   bearing  proper  c.     The  bearing 
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rests  upon  the  axle  and  carries,  by  means  of  trunnions  <f, 
the    pivot  casting    ^,  on    the   top   of    which    is    placed    a 


Pio.  BB. 

cushion  e  to  lcs»en  Ihc  shocks  between  it  and  the 

bracket. 

The  manner  ol 
dumping  a  gunlmat 
is  explained  under 
the   head  of  dumps. 

One  abjection  that 
has  been  claimed 
against  the  use  of 
gunboats  is  that, 
with  cf>al,  the  duni|>< 
ing  of  the  coal  from 
the  mine-cars  into 
tlic  gunboats  causes 
^^^   aa^  more   breakage  and, 
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therefore,  more  culm.      This,  of  course,  would  not  affect 
their   use  at  any  of  the   ■^- 
mclal  mincfi. 

They  have  the  advan- 
tage uf  being  attached  t'> 
the  ro|w  all  the  time,  thus 
saving  *he  time  neces- 
sary to  h'fok  and  unhook 
the  mine-cars. 

2545.  Fig.  0  30 
shows  a  gunboat  a  ii\  a 
slope,  and  standiiit;  im- 
mediately  below  a  level 
where  there   is  a  car  6  fiu.  u*i. 

ready   to  have    its  load  dumped   into  the  gunhoaL 


UUi^Ii:  CAl^RIEKS. 


ISTHOIUCTION. 

SS'lO.  In  a  hoisting  arrangement  of  the  utmost  sim« 
(riicity,  such  as  we  would  have  if  wc  used  a  windlass,  like 
that  iOiuwa  in  Fig.  8^8,  placed  directly  over  the  holstway, 
there  would  be  no  necessity  for  a  rope  carrier,  for  the  rope 
could  hang  from  the  drum  naiuraliy.  If,  however,  the  drum 
had  to  1>eof  at-onsiderabielengL)i,  or  the  winding  edge  vt  it 
had  tn  be  located  anywhere  but  over  the  center  of  the  hoist- 
way,  wc  would  find  it  ncccs-sary  to  use  ntpc  cnrrlvrH  to 
guide  and  control  the  rope  in  it3  pnsiugc  from  the  drum  to 
this  center  line.  Thin  is  the  case  in  all  hoists  except  the 
smallest  ami  mo«t  primitive.  In  many  cases  the  rope  rar- 
riers  of  a  hoisting  plant  require  much  study  to  properly 
design  them. 

A  rope  carrier,  generally  speaJting,  is  a  wheel  supported 
in  a  frame  »>  that  it  can  revolve  and  allow  a  rope  to  run  over 
it,  and  its  use  is  to  enable  us  ti>  deflect  the  rope  frr.m  a 
fltraight  line  or  to  kecpit  inn  straight  line  ag.iinst  theartion 
of  gravity.      Many  head-fraraesare simply  rope  carriers;  but 
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as  most  of  them  serve  other  purposes,  we  will  take  them  up 
in  detail  under  the  head  of  tracks.     - 

We  will  consider  here  only  sheaves  and  rollers,  which  are 
used  as  rope  carriers  directly. 


SHEAVES. 
2.547*  Sheaves  are  grooved  wheels  used  to  carry  or 
guide  the  hoisting  rope.  It  was  formerly  a  common  prac- 
tice to  build  them  up  with  wooden  arms  and  rim  on  a  cast* 
iron  hub,  and  many  such  sheaves  are  in  use  to-day.  A 
good  feature  of  such  sheaves  is  their  light  weight,  which 
allows  them  to  be  put  in  motion  and  stopped  readily  by  the 
rope  running  over  them;  but  they  are  not  durable.  Unless 
they  are  built  up  of  many  pieces,  they  will  not  keep  their 
shape,  and  if  they  are  built  up  of  many  pieces  they  are 
costly.  They  become  soaked  with  oil  from  the  rope  and 
from  the  bearings  in  which  they  run,  and  are,  therefore,  a 
source  of  danger  from  fire.  They  also  look  clumsy,  and  are 
unmechanical. 

2548.     The  sheaves  of  to-day  are  built  entirely  of  iron 
and  are  of  two  styles — those  composed  entirely  of  cast  iron, 


Fig.  9S1. 

and  (hose  with  cast-iron  hubs  and  rims  and  wrought-iron 
arras,  or  spokes.     An  illustration  of  the  first  style  is  given 
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in  Fig.  931.  This  sheave  is  the  cheaper  of  the  two  styles, 
and  for  many  purposes  it  is  entirely  satisfactory.  Its  great 
weight  is  an  objection,  because  it  adds  to  the  weight  on  the 
journals,  and  also  offers  considerable  resistance  to  being  set 
in  motion.  If  such  a  sheave  is  used  to  carry  the  rope  in  a 
straight  line  or  to  deflect  it  only  a  little,  the  pressure  of  con- 
tact between  the  rope  and  the  sheave  will  be  slight  and, 
therefore,  also  the  ability  of  the  rope  to  turn  the  sheave. 
In  such  a  case,  when  the  rope  starts  or  stops  quickly,  as  it 
is  very  likely  to  do  in  modern  hoisting  plants,  the  sheave  lags 
behind,  and  the  consequent  slipping  is  a  great  source  of  wear. 
The  arms  have  a  cross-section  as  shown  at  A  B,  a  form 
that  is  very  stiff  in  every  direction  and  easy  to  mold.  They 
should  taper  in  both  directions;  that  is,  dimension  C  should 
be  less  than  Z>,  and  £  less  than  F.  This  gives  a  lighter  and 
more  shapely  wheel  for  the  same  strength.  The  bottom  of 
the  groove  G  in  the  rim  should  be  a  circular  arc  whose 
radius  is  a  little  larger  than  that  of  the  rope,  to  allow  for  the 
angle  of  the  rope  due  to  its  fleeting  on  the  drum.  The 
flanges  at//  are  added  to  prevent  the  rope  from  jumping 
off  if  anything  gets  under  it  on  the  sheave. 

2549.     A  sheave  with  cast-iron  hub  and  rim  and  wrought- 
iron  spokes  is  shown  in  Fig.  932.     This  is  a  very  excellent 
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sheave,  especially  fur  tlie  lurgcrdiamctcrs.      It  is^extensiveltt^H 
used  both  ill  the  United  States  and  abroad.  ^M 

The  principle  of  construction  of  such  a  sheave  is  very 
different  from  that  of  sheaves  entirely  of  cast  iron.  In  the 
case  of  a  sheave  with  cast-iron  onus,  the  load  put  upon  it  by 
the  rope  is  transmitted  to  the  shaft  hy  a  compressive  stress 
througli  those  arms  directly  under  the  load.  Inotherwords, 
if  a  ri>|>e  is  rim  ovt-r  tlie  top  of  the  sheave  in  Fig.  931,  piil- 
ting  a  load  upon  it,  say  fromy  to  A",  ihis  load  will  V>c  trans- 
mitted as  a  compressive  stress  through  the  arms  /,  and  .1/ 
to  the  hid)  and  the  shaft.  Of  course,  wc  can  readily  s*c  that 
a  part  of  it  might  be  carried  around  the  rim  to  the  lower 
arms,  and  be  supported  by  them  in  tension ;  but  wc  should  not 
consider  that  in  designing  the  wheel,  because  cast  iron  is  of 
comparatively  little  value  in  tension,  whereas  it  is  of  great 
value  in  compression. 

iJtivr,  in  the  case  of  a  sh«avc  with  wrought- iron  arms,  or 
spokes,  as  shown  in  Fig.  V'-il,  the  load  would  be  transmitted 
around  the  rim  to  the  side  opposite  its  pomt  of  application, 

and  carried  from  there 
to  the  hub  by  the  ten- 
sion of  the  adjacent 
spokes.  In  fact,  the 
spokes  all  around  the 
wheel  arc  in  tension 
continually  from  the 
methfid  of  constnic- 
lioii,  and  the  sheave  is 
very  strong  and  rigid. 
This  ^ivcs  a  very  light 
wheel  for  a  required 
strength,  and  there  is, 
consequently,  little 
fki.  va  wear  between   it   and 

the  rope  due  to  any  slipping  action  when  it  is  started  or 
slopped.  As  will  be  seen  in  the  sectional  view  of  l'i\i.  032, 
the  spokes  are  carried  to  the  right  and  to  the  left  alternate- 
ly, so  as  to  take  hold  of  the  opposite  ends  of  the  hub,  there- 
by giving  »ti(TnuMi  to  the  sheave  against  any  side  str 
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Somciimi:s,  alst.,  ihc  spok'-s  arc  put  in  slightly  tangential 
instead  of  radial,  whifli  method  is  shown  in  Fig.  'J'.i'.i.  In 
tbe  center  of  the  inhtml  there  is  an  imaginary  circle,  say 
twft  inches  in  diameter  for  a  10-foc»t  sheave,  and  to  this  rir. 
clc  all  llic  »jM>kes  arc  tangent.  Taken  in  pairs,  made  up  of 
alternate  spokes,  they  are  made  tanjicnt  to  the  op)K>site 
»dcsof  the  circle,  so  that  they  pull  against  ejich  other,  so 
to  speak,  and  thereby  make  the  sheave  rigid  in  both  direc- 
tions. Tbe  alternate  pairs  are  carried  to  the  two  ends  of 
the  hub  to  give  lateral  stiffness.  In  other  words,  spoke  A 
is  tangent  to  the  right  side  nf  the  circle,  and  spnkc  A'  is  tan- 
gent to  the  left  side.  These  pull  in  opposite  directions,  so 
far  as  their  tangential  pull  is  concerned.  Then,  spnkc  /I  is 
tangent  to  the  right  :^idc  of  the  circle,  and  sp^^ke  />"  is  tangent 
to  the  left  side;  but  this  pair  A  and  -/•"  take  hold  of  the 
lom'er  end  of  the  hub,  while  the  pair  A  and  /I'  take  hold  of 
the  upper  end.  This  arranges  the  spokes  In  groups  of  four, 
so  the  total  number  must  be  some  nmlliplc  of  four.  The 
tangential  direction  I'f  the  Rjiokcs  is  often  necessary  in  very 
Urge  sheaves  carrying  heavy  loads,  because  it  requires  a 
very  considerable  force  to  turn  the  shaft  in  its  bearings 
With  radial  spokes,  wc  have  only  their  strength,  or  rather 
stiffness,  considered  as  beams  to  do  this  turning;  but  with 
the  tangential  spokes  wc  have  a  direct  pull  to  do  it.  This 
is  the  best  sheave  that  we  have  to-day. 

2SSO.  The  rims  of  both  of  the  above  styles  of  sheaves 
are  made  cither  .^id  or  wiili  wi>™lcn  lagging,  as  shown  in 
Fig.  n:M,  which  is  a  section  through  surh 
a  rim.  The  left  flange  is  a  separate  piece, 
which  is  centered  with  the  sheave  by  the 
lip  at  A,  and  which  is  held  on  by  holts,  as 
shown  at  /f.  The  blocks  of  wood  have 
holes  bored  in  them  for  these  bolts  to  pass 
through,  and  arc  held  securely  by  the 
clamping  together  of  the  two  flanges  with 
the  bolts.  With  such  a  sheave,  there  is 
much  less  wear  of  the  rope  than  there  is 
with  one  that    has  a  plain  cast-iron  rim.  mu.sm. 
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The  wear  of  Ihc  nhcavc  proper  is  also  avoided,  because,  as 
the  blocks  wear  down,  they  are  taken  out  and  replaced  by 
new  ones. 

The  s.i3te  of  a  sheave  fnr  a  given  purpose  depends,  gencr* 
ally,  upon  the  Ruc  of  the  rope  tu  be  used,  but  if  the  rope  is 
simply  lo  hv-  carried  in  ^^  Mraigbt  line  aijainst  the  action  of 
gravity,  it  may  depend  upon  olhet  circumstances.  In  such 
a  case  the  usual  method  would  be  to  u«  a  roller.  If  the 
rope  is  required  to  heml  over  the  sheave,  as  it  i«  when  its 
direction  iti  changed,  tlic  sheave  Khotild  bear  some  relation 
to  tile  diameter  of  the  rope.  In  Mine  Haulage,  it  is  stated 
that  the  minimum  diameter  of  tlriim  or  sheave  over  which 
a  wire  rope  having  H)  or?  wires  to  a  strand  is  lobe  led  is  GO 
and  100  times  the  diameter  of  the  rope,  respectively.  But 
wc  shonld  not  use  this  minimum  diameter  unless  we  are 
comiK-'lied  to,  for  the  larger  the  sheave  the  less  will  be  the 
wear  of  the  rope  due  to  ihe  bending,  and,  consequently,  the 
longer  the  life  of  thcrf»pc.  Of  course,  the  cost  of  thcshe4»ve, 
which  necessarily  increases  with  the  size,  would  put  a  limi 
in  the  other  direction. 


ROI.LER8.  0»   CARRYING  SHEAVES. 

25fil.  RollcrB  are  ii^ed  for  rope  carriers  when  the 
only  object  in  view  ii  lo  sustain  the  rope  against  the  attrac* 
tion  of  gravity.  There  is  no  licndiiig  uf  the  rope  in  this 
case,  except  a  very  slight  amount  due  to  the  sagging  Iwlwcen 
the  rollers,  so  the  diameter  of  the  roller  is  not  of  any  impor- 
tance, so  far  a.A  the  rope  is  cnnt^eriicd.  If  the  rollers  arc  for 
use  on  a  slnpe  to  keep  the  rope  from  dragging  on  the  ground, 
it  ir.  evident  th.it  they  must  be  sirfall,  because  the  car  must 
run  over  them;  and  mine-cars  arc  iisiially  made  low  because 
of  restricted  head-room  in  the  mine. 

Let  it  be  understood,  however,  that  if  the  rope  is  required 
to  change  its  course  from  a  straight  line,  a  roller  will  not 
answer,  but  a  sheave  must  be  used,  even  if  the  deflection  is 
only  a  small  amount.  Wc  have  just  said  that  where  rollers 
are  used  to  carry  the  rope  againit  the  attraction  of  gravity, 
there  is  no  bending  of  the  rope,  except  a  small  amount  due 
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10  the  sag.  Now,  this  small  a  mount  of  bending  is  noi  harm- 
ful, becau&e  it  rtocs  nul  product:  a  stress.  When  the  luad  is 
put  upon  the  r«pc,  its  tendency  is  to  take  a  straight  line  and 
decnrsse  the  bending.  On  the  other  hanJ,  if  the  rope  turns 
a  comer  or  is  deflected  from  a  straight  line  when  the  lf)ad  is 
put  upon  il,  it  tends  to  huK  tl><:  turning  sheave  and  to  bend 
as  sharp  as  the  sheave  will  let  it.  Therefore,  in  such  a  case, 
Et  sheave  should  he  Uiied  in  proportion  to  the  size  of  the  rope, 


TRACKS. 


CI^ASSIFICATION. 

2552.  In  all  hoisting  operations,  except  in  very  shallow 
Teriical  hoists,  it  is  uecessary  to  have  some  sort  of  a  track 
to  guide  and  fonirol  the  car  or  cage  during  its  travel.  If 
the  direction  of  the  hoist  is  other  than  vertical,  that  is,  if 
the  hoistway  is  a  slope,  then  the  tracks  arc  similar  in  most 
respects  to  those  of  any  other  haulage  way  wlierc  tracks  arc 
used.  If  the  hoist  is  a  vertical  one,  the  tracks  must  be  dif- 
ferent, and  they  are  then  called  kuUIkm,  or  cnnductnrM. 
In  cither  case,  it  is  often  fniinii  advisable  tn  change,  the 
tracks  or  guides  into  dumps  at  the  upper  ends  of  the  hoiRts, 
which  empty  the  car  automatically.  There  arc  also  Incatcd 
at  the  diflrcrcnt  landing;;,  kccpn,  or  landliiti:  fann,  on 
which  to  rest  the  car  while  it  is  being  loaded.  We  would 
then  have  under  this  head  the  following  items  to  consider; 
Mmciy,Car /ra^ts  ;  Cui/ifS,vr  Conductors ;  Dumps  ;  Land- 
ing fans,  or  Kerfs;  Head-frames. 


CAH  TUACKH. 

255^1.  Tracks  such  as  we  seu  oaany  ordinary  railroad, 
are  used  to  run  the  cars  on  while  they  are  being  hoisted  up 
a  slope  or  inclined  shaft.  These  tracks  are  generally  of 
narrower  gauge  and  of  lighter  construction  than  most 
surface  railways,  but  they  arc  similar.  They  are  usually 
of  T  rails,  varying  in  size  from  the  lightest  pattern  up  to 
60  lb.    per  yard,  laid  on   cross-ties  in  the  ordinary  way. 
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When  tilt  regular  mine-car  is  hoisted,  tlio  track  must  W" 
provided  with  luriioiits  und  switches,  so  that  llic  curs  can 
readily  be  niii  from  the  slope  into  the  gangway  or  level,  and 
svrf  virsa.  These  gangways  are  generally  run  at  right 
angles  to  the  slope,  and  may  he  anywhere  in  the  length  of 
the  s!op«  as  well  as  at  the  bottom.  At  tht;  foot  of  a  slope, 
or  at  the  landing  on  any  lift,  the  gangway  is  widened  out  to 
acrommodate  two  tracks,  one  fur  the  empty  and  one  for  the 
loaded  cars.     The  empty  track  is  generally  on  the  upper 


Pio.  Mo, 
Ride  of  the  gangway  and  the  loaded  track  on  the  lower  sid^ 
One  method  of  arranging  the  tracts  is  ^hown  in  I'lg.  !t3S. 

Ac  3  distance  of  forty  or  fifty  feet  above  the  gangway,  the 
slope  is  widened  out  to  accommodate  the  branch  A  which 
connects  with  the  loaded  track.  It  will  be  noticed  that  the 
tracks  in  the  gangway  are  not  on  the  same  level  near  the 
slope.  Thccmpty  track  is  kept  high,  so  that  the  empty  cars 
will  run  hy  gravity  into  the  gangway;  and  the  loade<)  track 
is  dropped  down,  so  that  the  loaded  cars  will  run  by  gravity 
from  the  gangway  on  the  branch  A  ready  for  hoisting.  A 
Bbori  distance  ub*.ve  the  gangway,  at  A,  a  bridge  or  door  ie 
[daced  which,  when  down,  forms  part  of  the  empty  track 
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and  switches  the  empty  cars  coming  down  the  slope  off  into 
the  gangway.  This  bridge  or  door  is  shown  to  be  open  in 
the  lower  part  of  the  figure  at  B.  The  empty  track  is  about 
six  feet  higer  than  the  loaded  track  and  is  carried  over  it  on 
a  trestle.  When  this  door  is  up,  the  track  is  continuous 
down  the  slope  to  a  lower  gangway  or  to  the  bottom.  The 
illustration  shows  the  plan  arranged  for  a  single  slope  fed 
from  one  side,  or  half  of  a  double  slope  fed  from  both  sides. 
When  hoisting  is  being  done  from  this  level,  the  bridge  is 
down.  The  empty  car  comes  down  and  is  run  off  over  the 
bridge,  the  car  is  unhooked  from  the  rope,  and  the  end  of 
the  rope  is  thrown  down  to  the  branch  below,  where  a  load- 
ed car  is  standing.  This  car  is  attached  to  the  rope,  and  is 
hoisted  up  the  branch  and  through  the  switch  to  the  main 
track. 

2554.     This  plan  can  be  employed  economically  only  in 
thick  seams,  as  the  height  necessary  to  allow  one  track  to  cross 
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FlO.  936. 


the  other  on  a  trestle  can  not  be  obtained  in  seams  of  modern 
thickness  without  taking  down  a  large  amount  of  top.  A 
simpler  plan,  which  docs  away  with  the  bridge,  is  often  used. 
This  is  shown  in  Fig.  93(),  in  which  the  branch  A  is  laid  out 
as  before,  but  near  the  point  where  it  enters  the  gangway 
a  switch  is  placed  opening  into  the  empty  track.  The  dis- 
advantage of  this  arrangement  is  that  the  cars  can  not  be 
handled  by  gravity  as  before. 
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2555.    A  common  arrangement  of  the  tracks  at  ihe 

buttuin  of  a  slope  is  shown  by  Fig.  HSI.  A  branch  is  made 
by  widening  out  the  slope  near  the  bottom,  and  this  bcinga 
few  fcL'l  higher  than  the  main  track,  is  used  to  rim  n(T  the 
empty  cars  by  gravity.  The  loaded  cars  run  in  by  gravity 
around  the  curve  to  the  foot  of  the  slope,  in  position  lo  be 
attached  to  the  rope.     In  aticending,  the  loaded  car  forces 


I'lc.  BS7. 

its  way  through  the  sprin^j  switch,  or  the  switch  may  he  set 
by  a  lever  located  iit  the  foot  of  the  slope.     When  th«  empty 
car  descends,  it  runs  in  on  tlie  branch,  where  the  rope  is  un- 
booked and  thrown  over  in  front  of  the  loaded  car;  the 
thea  runs  around  the  curve  into  the  eangway  by  gravity. 


iin-^j 
;e«|tV 


GVIIII^S.   OU    (JOXIILXTORS. 

255B.     GuldttM,  or  uonUuctoi-M,  arc  utied  in  all  vcrtit 

shaft.'t  oi  any  considerable  depth,  to  serve  as  a  traelt  to  iceef 
the  car  or  cage  from  swin^ng  about  and  striking  the  sides 
of  the  shaft.  They  are  made  of  wooden  rails,  iron  rails,  or 
wire  ropes.  In  English  mines,  wire  ropes  arc  used  to  the 
excluriion  of  almost  everything  else,  but  in  American  mines 
wooden  guides  predominaLe,  atthouyli  some  iron  ones  arc 
used.  Probably  this  difference  in  practice  is  due  to  the. 
different  Khape.t  of  shafts  that  are  used  in  the  two  countric 
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In  English  mines,  the  usual  shape  of  cross-sectiun  of  the 
hoistways  is  circular,  while  the  cages  are  rectangular,  and 
the  same  opening  is  used  for  ventilating.  In  such  a  case, 
the  wire-rope  conductors  leave  the  shaft  practically  unob- 
structed, because  they  simply  hang  there  without  any  bra- 
cing or  tying  transversely.  In  American  mines,  the  usual 
shape  of  cross-section  is  rectangular,  as  is  also  that  of  the 
cage,  and  there  is  only  a  working  clearance  between  them. 
Wooden  guides  seem  more  suitable  in  such  a  case. 

2557-  There  should  be  three  or  four  conductors  for 
each  cage  where  wire  ropes  are  used  for  the  purpose,  be- 
cause they  sometimes  break.  If  only  two  are  used  and  one 
breaks,  the  remaining  one  can  not  control  the  cage,  but  will 
let  it  swing  about  itself.  If  three  or  four  are  used  and  one 
breaks,  there  will  still  be  two  or  three  left,  and  they  will,  of 
course,  keep  the  cage  where  it  belongs.  In  order  that  wire- 
rope  conductors  may  give  a  positive  guidance  to  the  cages, 
they  must  be  under  tension.  This  is  sometimes  done  by 
drawing  them  taut  and  fastening  the  lower  end,  but  this  is 
not  a  good  method.  When  the  rope  expands  with  the  heat, 
it  gets  slack  and  is  useless  as  a  conductor ;  and  when  it  con- 
tracts with  the  cold,  it  either  breaks  itself  or  tears  away 
from  one  of  its  fastenings.  The  best  way  to  do  is  to  hang 
a  weight  to  the  lowerend  large  enough  to  give  the  necessary 
tension,  and  to  arrange  guides  so  that  the  weight  can  travel 
up  and  down.  If  the  conditions  at  the  foot  of  the  shaft 
make  such  a  plan  objectionable,  the  rope  can  be  secured  at 
its  lower  end  and  have  its  upper  end  hung  on  one  end  of  a 
lever,  on  the  other  end  of  which  the  necessary  weight  is 
applied.  Of  course,  this  weight  must  be  large  enough  to 
counterbalance  the  weight  of  the  rope  and  give  the  tension 
to  its  lower  end. 

2558.  There  is  little  variation  in  the  details  of  wooden 
guides.  They  are  always  of  a  rectangular  cross-section.  In 
some  localities,  especially  in  Europe,  where  wood  is  not  so 
plentiful,  they  vary  from  5  in.  X  0  in.  to  (J  in.  x  7  in. ;  but 
in  the  United  States,  where  wood  is  more  abundant,  they 
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are  generally  belwecn  (i  in.  X  8  in.  and  ft  in.  x  lU  in.  The 
kind  of  wood  cliieRy  used  for  puides  in  the  United  States  is 
yellow  pine,  bin  elsewhere  tfomeof  ihc  hnnic-r  woods aro  used. 
The  guides  fur  a  single  t-a(;e  consist  of  two  lines  uf  rails 
put  together  in  lengths  ranging  from  14  ft.  toliift.,  and  the 

butts  or  ends  of  these 
lengths  arc  kept  in  line  by 
being  ttcatcd  in  notches 
cut  in  the  buntons  for  that 
puq>08C-  Fig.  93H  shows 
a  plan  of  a  cage  with  the 
guides  and  buntons  in  tlieir 
nurmaljKJsition.  The  bun- 
ions arc  »hown  at  A  and 
.1,  and  are  usually  timbers 
of  gin.  X  10  in.  or  lOin. x 
Fir.  vn  13  in.  cross-section;    //,  B 

are  the  guides  in  section,  .ind  f,  C  are  the  cage  shoes  for 
clasping  tliL-  guides  and  keeping  the  cage  in  line.  The  guides 
arc  bolted  to  the  bunions  with  bolts  countersunk  into  th«m 
so  as  to  be  clear  of  the  shoes. 


2A59.  When  gunboats,  nr  ."ikips,  are  use«l,  the  usual 
pra-CTtice  is  to  extend  the  trauks<m  whieh  they  run  alwtvc 
the  .surface,  on  a  head-frame,  and  form  it  into  a  dump; 
that  is,  a  shape  that  will  upset  the  gunboat.  There  is  a 
chute  to  catch  the  material  thus  emptied  and  to  conduct  it 
into  bins  or  elsewhere.  (Mtentimes,  a  shaft-houste  or  head- 
house  is  built  about  the  head-frame  in  which  to  <^tore  the 
material,  or  to  prepare  ii  for  market  or  further  handling. 

These  dumps  arc  of  different  designs  in  different  localities. 
In  the  I-ake  Superior  copjicr  region,  we  find  many  of  them 
built  as  shown  in  Fig.  O'Jfi.  In  this  dump  the  rails  of  the 
main  track  arc  bent  down  around  a  smooth  curve,  as  at  A. 
At  a  short  distance  back  of  the  comraeneement  of  this  verti- 
cal curve,  another  track  begins  and  runs  into  a  straight  line 
parallel  to  the  angle  of  the  hoist.     This  second  track  is  of  a 
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wider  gau^e  than  the  first  one,  is  at  a  higher  level,  and  its 
laiJaareof  a  heavy  anglc-irnn,  as  shown  in  iwr-tion  through 
BB.  On  the  left-hand  side  of  this  section,  one  of  the  (ront 
whe«ls  is  shown,  and  on  the  right-hand  aidr,  one  of  the 
back  or  dumping  wheels,  which  has  a  second  tread  of  less 
fJiameler  than  the  main  tread.  The  second  track  is  made 
of  a  wide  gauge,  in  order  to  let  the  front  wheels  and  the 


AmHom  thrwivhBa 
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entire  skip  pass  through  it  in  dumpini;.  It  i.s  raise*!  a  little 
above  the  main  track,  so  as  to  rc^ch  the  small  tread  of  the 
dumping  wheel,  which  runs  on  it.  Hy  makin]^  the  dumping 
tread  of  a  smaller  diameter  th:in  the  main  trend,  the  latter 
acts  as  an  inside  flange  to  keep  the  skip  from  running  off  the 
track.  Now,  when  the  skip  comes  up,  the  front  wheels  con- 
tinue  on  the  main  track,  running  over  to  the  curve  A  and 
down,  while  the  dumping  wheels  rtm  up  on  the  sccund  or 
oatsidc  track,  thus  turning  Che  skip  over.  If  there  is  any 
overhauling  beyond  the  p'tint  necessary  to  empty  Ihe  skip, 
it  will  simply  run  along  on  the  upper  track  on  the  two 

r.  ///.—iff 


100     HOISTING  AND  HOISTING  APPLIANCES,   g  23 


back  wheels,  hiinnins:  front  L*nd  down.  In  actual  practice;' 
tliis  occurs  at  almost  every  hoist,  and  is  not  found  to  be 
objectionable. 

The  principle  of  action  of  most  dumps  is  the  same  as  that 
of  the  one  just  described,  the  sizes  and  proportions  differing 
with  the  size  of  the  skip  and  the  angle  of  the  slope. 


m 
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[.AMniXG  FANS.  OH    KKKPS. 

25(H).  At  most  mine  opcnitiKs.  whether  vertical  or  in- 
clined, a  mechanism  is  pla,ced  at  the  top,  or  moulh,  to  rest 
the  cage  upon  while  the  cars  are  being  changed.  These  are 
called  landing  fann,  or  keeps.  A  cnminon  farm  is  shown 
in  Fig.  :i40,  in  which  .-]  and  ./  arc  a  pair  of  cast-iron  an 


fn,.  wo. 
or  struts,  located  one  at  each  end  of  the  cage.  They  rest 
ia  bearings  fi,  ii  bolted  to  the  shaft  timbers,  and  can 
stand  in  a  vertical  position,  entirely  free  of  the  shaft,  or  ex- 
tend out  into  the  shaft  and  under  the  cage,  as  shown.  At 
their  upper  end  th«r«  is  an  eye-bolt,  corresponding  to  an- 
other one  opposite  in  the  limber,  and  between  these  a 
chain  a  is  put  as  a  safeguard  lo  prevent  llie  keeps  from  lean* 
ing  out  into  the  shaft  too  far  or  from  falling  into  the  shaft 


HOISTING  AND  HOISTING  APPLIANCES.     101 


il  anything:  ^ocs  wroog.  At  the  upper  end  «f  each  keep 
there  is  also  a  pin,  which  extends  to  the  side  key  and  the 
line  of  the  cage,  and  from  these  pins  connections  Cand  C 
extend  to  Ihc  center  and  upwards,  as  shown,  to  another  pin. 
This  last  pin  is  carried  by  the  end  of  a  hand-lever  D  with  a 
fulcrum  at  A'  on  the  (lo')r  of  the  landing.  Now,  it  will  be 
seen  that  if  the  outer  end  of  the  liarul-Ievcr  is  raised,  the 
inner  end  will  drop,  and  thus,  lIiruUKh  the  connections  C 
and  C,  force  the  keeps  out  from  under  Hit;  cage  into  the 
pockets  in  the  timbering  arranged  for  them.  The  cage  has 
four  cast-iron  shoes  with  projections  under  it  to  receive  the 
keeps,  tn  take  the  wear  from  them,  and  to  prevent  them 
from  swinging  too  far  into  the  shaft.  It  should  he  noticed, 
also,  that  the  insidcs  of  the  keeps  have  no  projections,  and 
the  operating  mechanism  is  such  that  uo  liarm  would  come 
if  the  keeps  were  left  in  the  shaft  by  mistake  and  a  hoist 
were  made.  The  cage  would  open  out  the  keeps  and  pass 
through  them  without  any  trouble.  This  is  a  requisite  of 
good  keeps. 

2501.  Must  keeps  that  we  find  in  use  are  built  on  the 
same  principle  as  those  just  described,  although  the  details 
of  ihcir  construction  may  vary.  An  objection  that  can  be 
raided  against  them  is  that,  with  large  cages  and  heavy 
loads,  the  jar  caused  by  letting  the  cage  down  on  such  a 
rigid  support  is  very  detrimental.  One  scheme  that  has 
been  used  successfully  to  overcome 
this  trouble  is  to  make  the  keeps  of 
hydraulic  cylinders,  with  plungers  for 
the  cage  to  rest  ujion.  Such  a  keep 
is  shown  in  Pig.  941.  The  cylinder 
has  at  its  lower  end  an  eye,  about 
which  it  can  turn  on  a  pin,  so  as  to 
dose  back  into  a  recess  in  the  shaft, 
out  of  the  way  of  the  cage,  or  extend 
out  into  the  shaft  under  the  cage.  It 
is  shown  in  this  last  position,  and  its 
o;>cration  is  as  follows:  Suppose  the 
cage,  which  rests  in  the  jaw  at  /J,  has 
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just  been  lifted  away.  The  spring  at  S,  which  is  long  and 
strong  enough  in  push  the  plunger  out  the  desired  distance, 
then  does  this,  and  the  plunger  is  ready  to  receive  the  cage 
again.  When  the  cage  settles  down,  it  tends  to  push  the 
plunger  home  again  into  the  position  in  which  it  is  shown 
in  the  figure.  This  action  is  resisted  by  water  or,  prefer- 
ably, oil  in  the  cylinder  at  C.  At  first  this  resistance  is 
very  slight,  however,  because  V-sh:ipc(l  grooves  have  btien 
cut  in  the  plunger,  as  shown  at  Ji,  and  the  oil  can  escape 
through  these  into  Uie  upper  chamber  P.  A*  will  be  seen 
in  ihc  figure,  the  V  grooves,  which  are  of  considerable  size. 
at  the  end  of  the  plunger,  taper  down  to  nothing,  so  the 
flow  of  oi)  through  thcin  becomes  less  and  less  until  none  can 
pass  except  by  leakage  around  the  plunger.  This  allows  the 
plunger  with  its  load  to  Kettle  quietly  to  the  bottom.  H 

Landing  fans  are  also  used  for  slope  cages  in  some  caseSy     ' 
and  may  he  of  substantially  the  same  design  as  tbusc  shown 
fur  shaft  cages. 


^ 


HEAU-PRAMDS. 

2562.  A  buad-framo  is  a  frame  or  structure  built  at 
the  mouth  or  opening  of  a  mine,  primarily,  to  carry  the  head 
gheave  over  which  the  rope  is  conducted  from  the  mine  to 
the  hoisting -engines.  It  almost  universally,  however,  car- 
ries the  track  that  the  car  runs  on  or  the  guides  (or  cages, 
and  we  therefore  class  it  under  the  general  head  of  Tracks. 

2563.  In  Fig.  94'j)s  shown  a  head-frame  in  its  simplest 

form  without  tracks  or  guides.  The  drum  of  the  hoisting- 
engines  is  shown  at  A,  with  the  rope  coming  from  its  upper 
side  and  running  o%'er  the  head  sheave  Ji  down  to  the  cage 
C.  The  head  sheave  is  supported  by  the  head-frame  /?. 
If  we  assume  that  the  angles  £  and  J^  that  the  two  por- 
tions of  the  rope  make  with  the  horizontal  are  equal,  the 
resultant  stress  on  the  head  shca^'c  will  be  vertical.  We 
arrive  at  this  conclusion  through  the  principle  of  the 
parallelogram  of  forces.  If  two  forces  acting  on  a  point  be 
represented  in  direction  and  iutensity  by  adjacent  sides  of 
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a  parallelogram,  their  resultant  will  be  represented  by  that 
di^onal  of  the  parallelogram   which   passes  through  the 
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point.      That  is  to  say,  if  G  H  and  G  K,  Fig.  943,  represent 
the   directions    and  amounts  of    two  forces  acting   upon 

0. 


Fig.  MS. 
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the  point  G.  wc  find  the  resultant  of  these  forces,  or  the 
force  which  would  be  equivalent  in  effect  to  their  combined 
effort,  by  constructing  the  parallelogram  C"  A' i// and  draw- 
ing tlic  diagonal  6'/.  through  6".  This  diagonal,  then,  rep- 
resents in  direclion  and  intensity  the  resultant  sought. 
Suppose  the  forces  GH  and  G  /C  are  equal  and  amount  to 
20,000  lit.  each,  and  suppose  we  lay  olf  these  forces  with  a 
scale  representing  1,000  lb.  per  onc-leiilh  of  an  inch.  Then, 
the  line»  6* //and  CP  A' should  each  be  two  inches  long,  and 
the  line  G  I.,  which  in  this  case  measures  three  inches,  or 
30-tenth«of  an  inch,  would  represent  30,000  lb.  Going  back 
now  to  Fig.  fll2,  we  see  this  operation  applied  to  our  head- 
frame.  Wc  have  extended  the  rope  lines  to  the  point  of 
interscctinn  G,  and  from  there  have  laid  off  the  two  lines 
C  H  and  G  K,  each  one  inch  long,  thus  representing  the  pull 
of  the  rope,  say  20,0110  lb,,  to  a  scale  of  3.000  lb.  to  one-tenth 
of  nn  inch.  Completing  the  parallelogram  by  drawing  HL 
parallel  In  (7  A' and  K  I.  parallel  to  G  ff,  and  drawing  the 
diagonal  G  I.,  we  have  the  direction  and  amount  of  the  force 
acting  upon  the  head-frame  in  consequence  of  the  deflection 
of  the  rope  by  it,  while  the  rope  is  under  that  tension.  ■ 

On  measuring  the  diagonal,  it  is  found  to  be  ]  J  in.  long, 
and  as  there  are  fifteen  one-tenihs  in  If  in.,  and  since,  ac- 
cording to  the  scale  we  are  using,  e-ich  tenth  equals  3,fKlO 
II).;  3,000  X  15rr  30,0001b.  =  the  vertical  stress  on  the  head- 
frame.  Wc  also  sec  from  the  figure  that  the  direction  of 
this  force  is  vertical. 


25ti4.  Let  us  suppose  now  that  wc  have  ti>  deal  with 
a  shaft  instead  of  aslope,  ihat  is,  with  a  vertical  instead 
of  an  inclined  hoistway,  Wc  have  a  representation  of 
such  a  case  in  Fig.  SJ44,  in  which,  as  before,  A  is  the  drum. 
B  the  hnad  sheave,  C  the  cage,  and  /.*  the  head-frame. 
The  head-frame  now  has  an  clement  that  it  did  not  have 
before;  that  is,  the  diagonal  member  M.  Why  has  this 
been  added,  and  how  shall  we  determine  its  location  ? 
The  parallelogram  of  forces  will  answer  both  of  these  ques- 
tioQsfor  us.     As  before,  we  extend  the  lines  of  the  rope,  which 
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are.of  course,  the  linesof  force  with  which  wearedealinK.  tin- 
til  they  intersect  al  6".  From  Ihis  puint,  lay  off  on  these  line* 
distances  representing 
tbc  stresses  in  the  rt>pe 
iQ  any  scale.  For  sim- 
plicity's sake,  assume 
that  the  streM  is  30,000 
pounds,  as  before,  and 
QBe  one-tenth  of  an 
inch  per  2,oiWl  pounds 
far  a  scale.  We  will 
then  have  G  H  and  6*  A', 
each  one  inch  long,  on 
Uying  off  nur  forces. 
Completing  the  paral- 
lelogram by  drawing 
H L  parallel  to  6"  A" and 
KL  parallel  lo  G  H^ 
and  drawing  the  diag- 
onal GL  through  (7, 
we  find  that  the  result- 
ant is  3H.OO0  pounds,  pw.  »m. 
tiecausc  GL  is  1. 9  inches  long.  The  direction  of  the  re< 
suUant  is  also  determined,  being  in  the  line  of  the  diagonal 
C  L,  Now,  it  will  b<  seen  that  if  we  had  used  a  head- 
frame  for  this  case  such  as  is  shown  in  Fig.  (}4*j,  it  would 
have  been  overttirned  by  this  resultant  force,  so  we  added 
the  new  member  ;1/  to  resist  that  action.  In  all  cases, 
then,  it  must  be  made  certain  that  the  resultant  of  all  the 
forces  acting  on  the  head-frame  shall  fall  within  the 
structure. 


B565*  So  far,  we  have  had  in  mind  head-frames;  that 
relo  be  buill  of  wood,  but  many  of  them  are  now  built  of 
iron  or  steel.  These  may  follow  the  same  lines  as  laid 
down  in  the  foregoing  pages,  but  ihey  may  also  follow  an- 
other line.  Suppose,  for  instance,  that  we  have  a  case  such 
as  is  shown  in  Fig.  U45,  where,  for  some  local  reason,  wo 
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find  it  impossible  to  put  a  strut  in  or  near  the  line  of  the  re- 
sultant stress  on  the  head-frame.  This  stress,  then,  has  a 
component  which  lends  to  turn  the  head-frame  over,  and  if 
it  had  only  its  vreight  to  keep  it  in  place,  that  might  be  th« 
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result.  Now,  in,  iron  or  steel  structures,  wc  can  ver>  casil 
make  A  a  tension  member  and  anchor  the  lower  end  of  it  to 
a  heavy  masonry  fuundaiion.  This  resists  the  tendency  to 
overturn  and  makes  a  very  stable  structure.  A  head-frame 
similar  to  this  is  shown  more  in  detail  in  Pig.  940. 
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BITUMINOUS   MINES. 


CHARACTER  AM)  EXTENT  OF  SUR- 
FACE ARRANGEMEXTS, 

2566*  The  arrangement  o(  the  surface  works*  of  a 
bituminouft  coal-mine  should  be  considered  with  regard  to 
facilitating  the  operations  in»ticl(?  as  well  as  outside. 

The  rapid  and  economical  handling  of  the  coal  when  it  is 
in  readiness  to  Iw  removed  from  ttit--  mine,  ihc  prompt  re- 
turning of  empty  cars,  and  ihc  supplying  of  the  inside  re- 
quirements of  the  mine  should  be  kept  constantly  in  view, 
since  on  the  promptness  and  ccoimmy  with  which  these  de- 
mands are  met  will  depend  the  capacity  and  profits  of  the 
operations. 

The  inside  operations  are  directly  dependent  upon  the 
efficiency  and  relation  nf  ihc  outside  arrangements  for  the 
hni<iting.  ventilating,  pumping,  and  possibly  for  the  mechani' 
cal  haulage,  coal  cutting,  etc. 

The  relation  of  the  surface  works  to  the  outside  opera- 
tions, as  far  as  their  general  arrangement  is  concerned,  is 
of  special  importance.  On  this  will  depend  the  efficiency  in 
handling  the  coal  and  material  to  and  from  the  mine,  as  well 
as  the  return  of  empty  cars.  This  efficiency  is  secured  by 
means  of  cars,  landings,  tracks,  trestles,  scales,  tipples. 
chutes,  screens,  etc. 

Although  these  are  of  immediate  importance,  they  are 
dependent  for  their  maintenance  and  continuance  in  opera- 
lion  upon  other  outside  anangements,  as  shnps,  sources  of 
supply,  preparation  of  material,  facilities  for  shipments,  etc. 

For  noiic«  of  Um  (wpyriyht,  m  pagr  immedUile]]-  tutloiirltij  tlu  lUla  paga. 
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25<i7.    The  arrangement    of   the  surface  works  nf 
mine,   .is  regards  inag^nUiitte,  design,  and  di);p«isition,  will 
depend  upon  the  location,  daily  output,  and  nature  of  the 
opcntt ions,  as  well  as  the  life  thereof. 

In  some  instances,  the  territory  tn  be  operated  on  is  vci 
sinail.  with  coal  at  shallow  depths,  and  possibly  subject 
an  increasing  inflow  of  water  with  tbc  breakage  of  the  roof, 
BO   lluit   the   uuiside   arrangements  should  be  eonstruL-ted 
with  the  view  of   moving  them    bodily  to  a  new  locatioflH 
wilh  the  least  possible  dismantling  of  butUlinfrs  and  siruc^^ 
turcs.     An  example  of  this  is  furnislieil  in  the   Draidwood 
region,  Illinois,  where,  after  mining  the  eoa)  in  l<!l)acre»-^H 
by  circular  long-wall  work,  at  depths  of  100  ft.— the  build- 
ings, head-frame,  etc.,  are  moved  on  trucks  to  the  center  of 
another  IGO-aere  tract.  ^H 


2568.     The  design   of   the  surface  works  will    depend 

upcm  whether  the  coal  is  to  be  liiadedon  railroad-cars,  boats, 
or  (lumped  intu  bins  [or  coke-ovens,  or  whether  the  coal  i 
to  be  stored,  en  account  of  irregular  shipment. 

The  method  of  mining,  the  amount  of  rock  to  be  han- 
dle<l.  and  whether  the  coal  is  to  be  screened,  picked,  at- 
washed,  will  also  influence  the  surface  arrangements,  I 

The  thirkncss  nf  the  seam  .Tnd  nature  nf  its  roof  goi'ern 
the  iisc  of  l.-irgc  or  small  cars.  These,  with  the  arrange- 
ments for  hoisting  one  or  more  cars  at  a  lime,  influence  the 
arrangement  of  the  landings,  their  length,  width,  and  t 
gauge  r»f  the  tracks, 

The  nature  of  the  labor  employed  or  the  possible  outpu 
per  miner,  due  to  difTiciilt  mining,  may  make  necessary 
such  a  large  force  of  men.  or  such  frequent  changing  of 
shifts,  iis  to  render  it  necessary  to  have  an  independent 
opening  at  a  shaft  mine  for  the  lowering  and  hoisting  of 
men,  s<j  as  not  to  interfere  with  the  hoisting  of  coal-  In 
most  regions  a  second  opening  is  required  by  law.  1 

If  much  rock  is  to  be  hoisted  from  the  mine,  or  much 
timber  and  material  is  to  he  lowered,  a  second  opening  far. 
the  work  may  be  necessary. 


Id 
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2509.  The  arrangement  of  the  surface  works  will  be 
influenced  by  the  number  and  location  of  the  mine  open- 
ings. If  the  hoisting,  ventilation,  and  pumping  are  to  be 
performed  through  one  opening  divided  into  compartments, 
the  arrangement  of  the  plant  around  these  openings  should 
be  carefully  planned. 

If  there  are  two  openings,  the  hoisting  should  be  done  at 
one  and  the  ventilation  at  the  other.  The  pumping  may  be 
done  through  either  opening,  although  in  the  case  of  a  rod 
or  Cornish  pump  being  used,  its  location  in  a  compartment 
of  the  hoisting  shaft  is  preferable,  unless  there  is  an  inde- 
pendent opening  or  bore-hole  for  pumping. 

The  location  of  the  plant  on  the  surface  should  be  care- 
fully considered  with  relation  to  existing  or  proposed  open- 
ings for  conducting  underground  the  ropes  for  haulage,  or 
compressed-air  pipes,  or  electric  wire  for  motors,  coal  cut- 
ting, or  pumping. 

A  mine  may  be  opened  with  many  of  the  surface  arrange- 
ments of  a  temporary  character,  with  the  view  of  more 
permanent  improvements,  provided  the  life  of  the  mine  will 
permit.  This  plan  is  preferable  if  it  is  impossible  to  deter- 
mine what  the  future  requirements  of  the  mine  will  be. 

It  is  important  that  the  few  permanent  features  of  such  a 
plant  be  carefully  planned,  for,  when  once  made,  they  must 
stand.  If  they  are  poorly  planned,  their  inefficiency  can 
not  be  entirely  remedied.  Some  dependent  portions  of  the 
operations  will  generally  necessitate  the  continuance  of 
some  parts  of  the  old  work. 

2570.  In  order  to  better  understand  the  features  in 
the  surface  arrangements,  which  will  vary  according  to  the 
nature  of  the  opening,  they  can  be  best  considered  under 
the  conditions  of  mines  opened  as  follows: 

1.  By  a  shaft. 

2.  By  an  opening  at  a  lower  level  than  the  dumping 
platform,  necessitating  a  slope  hoist.  This  will  generally 
be  a  slope  mine,  although  the  coal  from  a  drift  or  other 
opening  may  have  to  be  hoisted  by  a  plane  before  6nally 
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reaching  the  dumping  platform  and  surrounding  surface 
works, 

3.  By  a  drift  opened  on  a  level  with  the  dumping  platform 
or  at  a  point  imm  which  cars  can  nm  by  gravity  thereto. 

4.  By  an  opening  in  the  nrnuntain-side  where  cars  can  be 
lowered  to  the  tipple  by  .1  gravity  plare. 

In  each   of  these  rases  the  details  of   the  arrangements 
may  vary  in  a  few  important  points,  owing  to  different  con 
d  it  tons. 

These  particular  conditions  will  be  considered  under  ea 
of  the  heads  referred  to. 

Surface  arrangements  will  he  described  to  meet  all  the 
variriiis  reqiiirements.  They  can  be  modified  for  operations 
where  the  outside  requirements  are  few  and  simple. 
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2571.  The  principal  poinis  in  which  mines  opened  by" 
shafts  differ  from  mines  opened  otherwise  are  as  follows: 

1.  In  the  requirement  of  a  head-frame  for  the  vertical 
hoisting  and  landing  of  the  loads,  generally  in  single  cars, 
requiring  continuous  and  rapid  hoisting, 

3.  The  location  of  the  engines  with  reference  to  the 
head-frame  and  shaft,  which  is  generally  on  line  therewith 
and  only  a  short  distance  away. 

3.  In  the  arrangement  of  the  tracks  at  the  landings,  and 

of  those  leading  to  the  dumping  points  and  to  the  yard.         ^m 

4.  Provision    for   lowering  and    hoisting   men     and     th^H 
handling  of  material  up  and  down  the  shaft,  especially  large 
timbers,  rails,  and  machinery,  also  mules  and  feed. 

5.  Arrangement    of     ventilating,    pumping,    or   haulage 
phiiitK  near  a  compartment  of  the  hoisting  shaft,  or  at  an] 
isolated  opening. 

2572.  There  arc  two  cases  in  the  surface  arrangrement 
of  shaft  mines,  as  follows: 
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Cane  I. — In  this  case  there  is  one  landing  on  a  trestle 
leading  to  the  tipple,  and  anotliL-r  nl  ilit.'  v"ir(l  K-vl-I  leading 
to  the  shops,  timber-yard,  etc.  A  general  arrangement  of 
this  case  is  shown  in  Pig.  947. 

Thi:i  arrangement  is  tiic   more  commun  one   for  shaft 
mines,  and  is  adopted  where  the  ground  in  the  ncighbor- 
^faood  of  the  mine  opening  and  the  dumping  point  is  level,  or 
noearly  so,  and  the  tu-o  are  not  Tar  apart. 

2573.  By  referring  to  the  plan.  Pig.  <M7.  it  will  be 
seen  that  the  center  lines  of  the  hoisling-cngine  4,  the  shaft 
J,  and  the  tipples  3  arc  the  same.  The  boiler  room  5  is 
located  near  the  hoisting-engines,  with  a  roum  between  for 
'feed-pumps  and  the  firc-ptirnp.  The  coal-bin  for  boiler  sup- 
ply is  located  in  front  of  the  boiler  room.  To  the  left  of  the 
shaft,  and  on  a  level  with  the  surface,  is  shown  the  Cornish 
or  bull  pump  S.  The  fan  house  7,  shown  on  the  Itft  of  the 
tipple,  is  intended  fbr  a  fan  to  be  used  in  case  of  accident  to 
the  regular  fan  at  the  air-shaft,  which  may  be  several  hun- 
dred yards  away.  The  dotted  lines  leading  from  the  fan 
bouse  to  the  .shaft  arc  intended  tu  show  the  underground 
connection  of  the  fan  with  the  air  compartment  uf  the 
hoisting  shaft.  The  two  remaining  liuiUlings  on  the  left  of 
the  lippic  arc  the  compressed-air  or  electrical  plant  iV  and 
the  ropc-haulagc  cnginu-housc  0.  From  the  former  the 
air-pipe  or  electrical  conductors  are  taken  into  the  mine 
through  the  air  compartment  of  the  shaft.  From  the  latter 
the  ropes  run  underground  in  wooden  conduits  m  the  shaft, 
and  reach  the  workings  through  the  air  compartment  of 
the  shaft. 

The  tank  for  the  water-supply  10  is  shown  hack  of  the 
boilers,  with  service- pi jjcs  leading  from  it  to  the  boiler  feed- 
pumps, the  compressor  plant,  the  wash-house  II,  to  all 
other  buildings  on  the  right  of  the  tipple,  and  to  the  coke- 
ovens  ,K>.  The  mine  office  IS  and  lamp  house  IS  are  shown 
near  the  shaft  and  hoisiing-enginc  house.  The  machine- 
shop  /i,  blacksmith  shop  /■?,  carpenter  shop  ffl,  sawed- 
lumber  yard  17,  saw  shed  JS,  and  the  timber  and  rail  yard 
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tit  are  arranged  iiliiiust  in  line  and  near  tfac  sh.Lll.  Thr 
machine-shop  i^  has  twu  ruoms  cut  <*fi  from  ihc  main 
room,  one  for  ihc  storage  of  special  fittings  and  the  other  for 
thL-  head  niachinii^t'ii  ofFict;.  Besides  the  usual  small  touls, 
the  machine-shop  shuiikl  1m  supplied  with  a  punch  machine, 
a  drilling-machine,  a  Eathc,  a  planer,  atul  an  emery-wheel. 
The  necessary  t>enchus  and  closets  should  he  built  in  where 
most  convenient.  The  blacksmilh-shop  15  f^hould  have  a 
fjvin  on  the  ^tdc  next  the  sliaft  f<jr  t<iols.  and  racks  (or  picks 
needing sharpeninj{  and  th»>se  sharpened.  Itxhould  have  two 
anvil.'>,  two  forgets,  and  a  blou-er,  and  the  us^unl  complement 
of  benches,  rlnsets,  sledges.  h:immers,  files,  tongs,  ete.,  etc. 
The  carpenter  shop  J(i  should  be  so  b;iilt  that  a  track  for 
crippled  mine-cars  can  be  run  in  one  side  oE  it.  It  should 
adjoin  the  blacksmith  shupand  be  near  the  shaft,  tipple,  and 
sawcd-lumber  yard.  Besides  the  work-bench,  closet,  bins 
for  nails,  etc,  it  should  be  supplied  with  a  j^indstone  and  a 
wnnd-iurning  lathe.  The  sawmill  fs  and  the  sawed-lum- 
bcr  yard  17  should  be  located  as  convenient  to  the  various 
shops  as  possible.  In  this  case,  the  arrangement  is  all  thai 
could  be  desired,  and  the  locations  of  the  buildings  are  such 
th.il  the  problem  of  furnishing  power  from  the  sawmill 
cngin«  to  the  machine  toQEs  in  each  shop  h  &  simple  one, 
and  is  solved  by  a  straight  line  of  slufling.  The  storage 
house  for  iron  and  pipe  2-t  is  close  to  the  machine  and  black- 
smith shops,  as  it  should  be.  The  supply  house  £0,  supply- 
clerk's  office  St,  and  the  oil  house  i'^  are  located  in  close 
proximity  to  each  other,  and  near  the  shaft  and  shops.  The 
stables  i^o,  hamcss  and  wajjon  house  SG,  and  the  hay  and  feed 
storehouse  '-^7  are  another  group  of  buildings  that  should  be 
close  logelher  and  convenient  to  the  shaft.  The  powder 
house  i^i  should  not  be  nearer  any  other  building  than 
l.OUO  ft.  The  arrow  attached  to  the  building  shown  on  plan 
indicates  the  appruxiniale  direction  front  other  buiidiM^s  f<^r 
its  location.  The  coal-bins  for  coke  ovens  2^,  the  ovens 
themselves  SO,  and  the  coke-wharves  SS  are  of  necessity 
shown  on  the  plan  very  near  the  other  buildin^^s.  The  bins 
iS  may  be  either  at  the  tipple  or  at  the  head  of  the  line  of 
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wrens,  about  :)00  ft.  away  from  the  shaft.  They  .•ihimid  be 
so  cniiiitructcd  that  the;  lurries  can  run  under  the  chutes  and 
Ibencc  to  the  coke-ovens.  The  wharves  .?ft  should  he  so 
aiT.ingc:d  as  to  permit  of  the  convenient  drawing  of  coke, 
»ilh  Some  room  for  storage,  and  of  such  a  height  above  the 
coke-car  tracks  as  to  permit  of  the  easy  loading  of  coke  into 
the  coke  cars. 

2574.  The  mine-car  tracks  on  the  surface  are  so  ar- 
ningctl  as  to  permit  of  the  most  convenient  handling  of 
both  liude«l  and  empty  cars,  to  and  from  all  necessary  points 
on  the  surface.  Tracks  a  are  those  on  which  the  loaded 
cars  run  from  the  cage,  over  the  scales  H  lo  the  lip|>Iefi  5. 
The  empty  cars  return  to  the  cage  by  ruiming  ar«und  either 
aide  uf  the  shaft  on  tracks  &,  and  arc  back- ;( witched  onto 
the  cagcsi.  AH  these  tracks  arc  arranged,  by  means  of  au- 
tomatic huists  in  the  empty  tracks  at  i;  so  that  the  cars  are 
run  automatically  from  the  cages  to  the  tipple,  and  ihence 
back  to  the  cages.  Track  /,  on  the  platform  in  front  of  the 
tipple,  is  for  the  storage  of  ears  of  dirty  coal  until  siieh  a 
time  as  they  can  be  picked  over.  Track  m  is  for  cars  th-it 
need  slight  repairs,  and  which  can  be  conveniently  repaired 
irithout  running  them  to  the  shops.  Track  o  is  for  cars  of 
rack,  which  are  run  across  the  railroad -tracks  on  the  plat- 
form on  the  trestle,  and  are  dumped  in  a  convenient  place. 
The  arrangement  of  these  track*  and  the  methods!  of  hand- 
ling the  cars,  in  connection  with  the  track  e  for  coal  to 
lx>ilers,  can  be  readily  understood  by  referring  to  the  plan. 

The  arrangement  of  the  tracks  on  the  surface  is  such  as 
to  enable  timber,  aupplics,  etc..  to  be  taken  into  the  mine 
speedily  and  conveniently.  Track  c  running  alongside 
the  timber  and  rail  yard  W  is  used  for  conveying  heavy 
timbers  and  rails  to  the  shaft.  Track  //,  which  runs  from 
the  surface  landing  uf  the  shaft  lo  the  hay  and  feed  store- 
bmute  t7,  is  for  conveying  sawed  Inmlwr  from  the  lumber- 
yard /rand  fecil  from  the  feed  siorchouse  57  to  the  shaft. 
A  short  jiicce  of  track  connects  track  r  with  track  (/.  so  that 
mine-cars  can  be  loaded  with  props,  tics,  laggings,  etc.,  and 
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be  run  onto  the  csgc  Bt  the  surface  landing.  There  is  also 
a  abort  bmnch  track  run  aH  from  track  d,  which  enters  the 
cvpcnicr  sbop  Jtl.  This  track  is  used  to  run  cripplcilcan 
lo  Uiesbop  and  ncir  cars  from  the  shop  totbesbaft.  Track 
4.  which  runs  from  the  frixit  of  the  bwlers^  to  the  ash  dump, 
is  used  exclusively  for  ihe  removal  of  ashes.  Track  /,  which 
runs  from  a  point  on  track  A  back  of  the  boilers  S  2nd 
tKusting-cogioe  i  and  O-mnects  with  track  t/,  is  used  to  tab 
ashes  into  the  mine  for  road  ballast,  etc.  A  short  branch 
track  £  is  run  off  this  track  to  the  machine-shop,  so  tbit 
heavy  jiiecc^  of  machinery  destined  for  use  inside  may  be 
conveyed  to  the  shaft  on  trucks,  or  if  used  outside  they  cm 
be  conveyed  in  the  same  manner  to  almost  any  part  of  the 
plant.  The  water-main  from  the  source  of  supply  laxj 
enter  the  tank  10  from  any  direction.  The  water-suppli 
pipes  from  the  tank  to  various  parts  of  the  works  are  sbon 

by  broken  lines,  thus .     The  stcam-pipcs  from  the 

boilers  arc  shown  by  dotted  lines,  thus 

In  sttidyin);  this  plan,  the  student  should  remember  thai  it 
is  for  a  large  colliery,  and  that  it  is  an  ideal  plan,  and,  thcn- 
forc,  is  subject  to  many  modifications.  It  is  given  simpl)' 
as  a  general  guide  in  laying  out  the  surface  plant. 

If  the  coal  mtneil  is  used  for  coke-ovens,  the  larry  track 
from  the  cool-bins  to  the  ovcu  should  l>c  arranged  as  sfaovn 
at*'. 

2575.  The  railrond-tracks  for  shipping  purposes  are 
Khnwn  on  plan  as  follows  :  A  is  the  empty  shifting  track. 
fl  the  lump-conl  track.  C  the  nut-coal  track.  D  the  pea-coal 
track,  /i' the  slack-coal  track,  /""the  material  track,  on  which 
supplies  and  machinery  arc  received,  and  C  the  coke-car 
tracks.  The  curves  at  the  switches  in  the  shipping  tracks 
are  necessarily  distorted.  They  should  be  7"  30*  curves, 
and  the  frogs  used  should  be  what  arc  designated  as  Na  8 
frogs.  But  these  are  [Joints  that  are  decided  by  the  engi- 
neers of  the  railniad  comi)any. 

This  arranRcmcnt  is  preferable  to  that  in  Case  11,  for  the 
following  reasons: 
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First. — Thedtimping  point  being  nearer  the  other  surface 
works,  the  operations  are  more  concentrated,  and,  therefore, 
more  readily  supervised,  and  they  are  nearer  the  center  of 
rcpai  rs  and  supplies. 

Second. — The  location  of  the  storebouseKnnd  material  and 
limlwr  yards  can  be  arranged  conveniently  to  the  railroad- 
tracks  as  well  as  to  the  mine,  so  as  to  require  very  little  hand- 
ling of  material. 

257B.  Cas«  II. — In  this  case  there  la  only  one  landing, 
and  that  on  the  natural  ground,  the  dumping  point  being 
suime  distance  from  the  shaft. 

The  arrangement  uf  the  surface  works  and  the  tracks 
leading  thereto  will  vary  slightly,  iluc  to  their  having  the 
same  shaft  landing  as  the  cans  to  and  from  the  mine.  A 
suitable  arrangement  is  shown  in  Fig.  £i4^, 

This  arrangement  may  be  made  necessary  by  certain  con- 
ditions in  mining  requiring  a  shaft  location  at  a  higher 
point  than  the  level  of  the  tipple  dump,  and  siifliciently  high 
for  the  necessary  elevation  of  the  tipple  above  railroad'cars. 

2577.  The  principal  features  in  this  arrangement,  as 
compared  with  Case  1,  are: 

1.  The  head-frame  is  not  so  high,  which  is  an  advantage. 

*.  The  engine  will  be  nearer  the  shaft,  which  may  be  a. 
disadvantage  if  more  room  amund  the  shaft  is  needed. 

3.  The  arrangement  with  one  landing  facilitates  the 
handling  of  empty  cars,  materia!,  etc.,  between  the  yard 
and  the  mine,  although  the  arrangement  of  tracks  may 
involve  more  turnouts,  crttssings,  etc. 

4.  If  supplies,  lumber,  machinery,  etc.,  arc  received  in 
large  quantities  by  railroad,  they  will  require  considerable 
handling  to  bring  them  to  the  yard  level.  This  may  be 
e£Fected  by  a  w.igon  road,  or,  if  the  circumstances  warrant, 
by  an  inclined  track,  up  which  the  railroad-cars  can  be 
hoisted  by  a  rnpe,  a-*  shown  in  Fig.  94M,  at  /^. 

For  this  purpose  the  be^it  plan  of  lucating  and  grading 
an  inclined  track  should  be  studied,  in  order  that,  in  the 

r.   iit.—ii 
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arrangement  of  the  surface  works,  means  can  be  providcdfor 
hoislinguarsof  niateriul  from  the  railrwid-tracks  below.  Or, 
if  railroad -cars  o!"  malL-rial  arc  not  to  be  hoisted,  then  a  track 
can  be  laid  fur  hoisting  smaller  cars  which  will  come  close 
enough  to  the  railroad'track  to  transfer  the  material  to  be 
lK^i^tcd. 

2678.  Great  importance  is  attaclied  to  the  proper  de- 
sign, arrangement,  and  constnictton  of  the  head-frame,  for 
when  once  creeled  and  the  related  structures  have  a««un)cd 
permanenl  form,  its  alteraLion  is  a  serious  mutter,  esjiecially 
if  it  involves  a  change  in  the  surroundings.  Therefore,  the 
many  points  bearing  thereon  will  be  dwelt  on  in  some  detail, 
as  will  also  the  urrangeineiit  of  the  landings,  trestles, 
tracks,  and  how  the  cual  is  to  be  handled  at  the  tipple. 
The  arrangement  of  ehules,  strecns,  and  whether  ihc  coal 
is  t<i  bt:  picked,  waslit:d,  or  stored  in  bins,  should  be  fully  con- 
sidered, so  that  the  main  oulline»  may  be  correct,  and  the 
proper  height  for  dumping  and  sufficient  distance  between 
the  shaft  and  railroad. tracks,  or  dumping  poinu,  may  lie 
secured. 

2570.  By  referring  to  Pig.  04S,  it  will  be  seen  that  the 
s:imc  general  plan  of  cuiicfntrating  the  plant  has  lieen 
followed  as  in  Fig.  947,  but  the  locations  of  the  improve- 
ments are  somewhat  different.  In  this  figure,  the  shaft  is 
shown  at  /,  the  scales  at  H,  llie  tipples  at  3,  the  hoisting- 
cngiiit:  ill  ^t,  the  main  boilers  at  J,  the  Cornish  or  bull  pump 
■did,  the  fan  (in  this  case  an  isolated  ventilating  plant)  at 
7,  the  boilers  for  the  isolated  fan  at  HJi,  the  air-compressor, 
or  electric  plant,  at  *,  the  underground  haidage  engines  at  ff, 
and  if  the  haulage  plant  is  loirated  away  from  the  main  shaft 
and  the  mpcs  conveyed  into  the  mine  through  another 
shaft,  or  through  bnrc  holes,  a  boiler  plant  SS  is  creeled 
close  by.  The  tank  is  shown  at  ifl,  the  wash-house  at  II, 
the  mine  office  at  Vi',  the  lamp  house  at  JS,  the  machine- 
shop  at  /.},  the  blacksiniih  shop  at  W,  the  carpt-nter  eh<ip  at 
}ti,  the  sawed-lumber  yard  at  77,  the  sawmill  at  /«,  the  tim- 
ber and  rait  yard  at  lit,  the  supply  house,  withsupply-clerk's 
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office,  at  SO,  the  oil  house  at  ^2,  the  iron  and  pipe  shed  at  33, 
and  the  isolated  powder  house  (in  general  direction)  at  24- 
The  stable  35,  harness  and  wagon  shed  26,  and  the  hay  and 
feed  storehouse  27  are  shown  in  close  proximity  to  each 
other.  The  coal-bins  for  coking  coal  are  shown  at  2S,  the 
coke  wharf  at  29,  and  the  line  of  coke-ovens  at  30.  The 
check-clerk's  office  is  shown  at  31  and  the  weighman's 
office  at  32. 

The  mine-car  tracks  are  arranged,  as  in  Fig.  947,  so  as  to 
make  it  possible  to  reach  all  parts  of  the  plant  with  cars  or 
trucks.  Track  a  is  the  loaded  track,  passing  over  the  scales 
2  to  the  tipple  5.  Track  ^  is  the  empty  track,  over  which 
the  empty  cars  run  by  gravity  from  the  tipple  to  the  me- 
chanical hoist  at  k.  Here  they  are  raised  so  as  to  run  by 
gravity  to  hoist  k",  and  thence  they  run  to  the  shaft.  The 
rock  cars  from  the  shaft  are  run  to  the  rock  dump  over 
track  0,  and  the  cars  of  dirty  coal  are  run  on  the  track  /. 
The  heavy  timber  and  rails  are  taken  to  the  shaft  from  the 
yard  19  over  the  track  c,  and  the  sawed  lumber  is  taken 
from  the  yard  17  to  the  shaft,  tipple,  or  shops  over  track  d. 
The  cars  to  the  shops  and  the  coal  to  the  main  boilers  are 
run  over  track  e.  The  ashes  from  the  main  boilers  are  run 
over  track  /i  to  the  dump,  or  over  track  /  to  the  shaft. 
Feed  and  hay  are  taken  to  the  shaft  from  the  hay  and  feed 
storehouse  27  over  track  /.  This  same  track  answers  for 
supplies  from  the  supply  house  30.  Machinery  taken  to 
and  from  the  machine-shop  is  hauled  over  track  c.  Track  « 
on  the  tipple  platform  is  for  empty  rock  cars,  and  track  s  is 
for  cars  needing  slight  repairs.  Coal  for  the  isolated  steam 
plants  at  the  fan  and  haulage  engines  is  transported  over 
tracks  running  off  from  the  main  system  at  the  most  ac- 
cessible points.  The  larry  tracks  to  the  coke-ovens  are 
shown  at  i. 

The  coal-bins  for  coke-oven  supply  may  be  connected  with 
the  main  tipple,  or  they  may  be  some  distance  away,  but  with 
proper  arrangement  of  height  to  run  the  mine-cars  con- 
veniently to  the  dumps  located  therein. 

The  shipping  tracks  are  as  follows;     A,  empty  shifting 
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track;  />',  lumiw:oaI  track;  C,  nut>coal  track;  J},  pea<coaI 
track,  and  G,  coke-car  track.     C«ke-ovcns  may  also  be  Incited 
on  the  opposite  side  of  the  railroaxl-t racks  from  the  tippK-, 
as  at  3*/. 
The  water-supply  pipes  from  the  tank  are  shown    thus 

.     The    BtL'am-pi|ws    thus , 

and  the  rope  for  the  inclined  plane,  in  the  material  track  /* 
(worked  by  the  sawmill  engine),  is  shown  thus . . 


THB    IIRAn.FKAMH. 

25H0.  The  head-frame  is  for  the  support  of  the  head 
sheaves,  f)r  wheels,  over  which  the  hoisting  rnpes  are  led 
fn>m  the  hoisting-engine,  Incated  at  some  distance  from  the 
shaft,  and  for  lowering,  raising,  and  landing  the  cages. 

Fig.  !H!t  shows  a  general  outline  of  a  head-frame  built  of 
timber,  and  Fig.  OSU  shows  a  general  form  for  one  built  of 
iron  or  steel. 

The  head-frame  consists  of  an  upright  part  suflTiciently 
strong  to  support  the  load  to  be  hoisted,  whose  weight  vs. 
transmitted  to  the  structure  through  the  rope  to  the  head 
wheel  C,  which  may  have  a  hearing  directly  over  the  uji- 
right  posts,  or  the  bearing  may  be  on  a  stringer,  or  girder, 
spanning  the  shaft-way,  and  resting  on  posts  on  both  side^^ 
of  the  shaft.  ^| 

The  posts  /}  niay  be  inclined  in  the  direction  of  the  length 
of  the  shaft,  if  necessary,  to  impart  greater  stability  to  the 
structure,  and  for  its  perfect  bracing,  especially  if  the  head- 
frame  is  high. 

They  may  idso  be  inclined  in  the  other  direction,  but  this 
is  not  necessary  unless  it  is  desired  to  carry  them  to  founda- 
tions somewhat  distant  from  the  shaft. 

The  tendency  of  I  he  upright  part  of  the  head-frame  to 
overturning  when  hoisting,  due  to  the  resultant  of  the 
forces  acting  thereon,  is  resisted  by  a  strut,  or  brace,  D,  ex- 
tending from  the  framework  near  the  sheave  to  the  ground, 
and  in  ^uch  a  direction  that  the  resultant  oE  tlie  forces  will 
lie  between  the  foundations  of  the  upright  and  the  brace. 
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This  resultant  force  is  due  to  the  weight  of  the  load  and 
the  force  exerted  by  the  engine  in  raising  it,  both  equal, 
and  exerted  in  the  direction  of  the  rope. 

2581.  Fig.  940  shows  a  timber  head-frame  in  plan,  side 
elevation  and  end  elevation.  A  fan  is  shown  at  £.  The 
yard  landing  is  shown  at  /''and  the  trestle  landing  at  C. 
A  self-dumping  cage  is  shown  at  //,  with  a  car  ready  for 
dumping  in  the  chutes.  The  levers  for  opening  the  chute 
gates  are  shown  at  /.  The  bars  for  screening  the  coal, 
when  dumped,  are  shown  in  plan  at  A'.  The  shed  L  shown 
in  side  elevation  is  for  a  roof  to  the  chutes,  and  for  such 
tracks  or  machinery  as  may  be  required  at  the  trestle  landing. 

2582.  Ill  Fig.  !t5l),  which  is  a  side  and  end  elevation  of 
an  iron  or  steel  head-frame,  the  yard  landing  is  shown  at  F 


aM. 


and  the  coal  landing  is  shown  at  ("/. 
is  shown  at  £. 


The  location  of  a  pump 


2583.  The  direction  and  intensity  of  the  resultant  of 
the  forces  acting  on  the  head-frame  art:  dt-termined  by  means 
of  the  parallelogram  of  forces. 

In  Fig.  951,  E  C  represents  ilie  direction  of  the  rope  from 
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the  engine  to  the  sheave,  and  D  C  the  direction  of  the  rope 
from  the  shaft  to  the  sheave.     Their  intersection  is  at  C. 

If  the  weight  of  the  cage,  car,  load,  and  rope  is  8,000  lb., 
and  if  a  scale  of  4,000  lb.  to  the  inch  is  assumed,  a  distance 
can  be  laid  off  from  C  to  />,  3  inches  Icng,  which  will  repre- 
sent the  direction  and  intensity  of  strain  due  to  a  vertical 
lifting  of  the  load.  The  weight  of  the  cage,  car,  load,  and 
rope  will  produce  the  same  strain  in  the  rope  in  the  direc- 
tion C  E  that  it  does  in  the  direction  C  D,  so  that  from  C 


a  distance  C  F  can  he  hiid  off  re[)resenling  a  strain  of 
8,lH):i  11).  Oil  ;i  scale  of  4,(KHl  lb.  to  the  inch,  C  F  \\\\\  be 
laid  ulf  %  inches  long. 

The  resultant  is  now  fonnd  by  drawing  a  line  F  G  parallel 
wilh  C  D,  anfl  /)  (j  jiarallel  with  C  F.  From  the  intersec- 
tion (i  of  these  lines,  a  line  is  drawn  to  C.  Then,  C  C  will 
reprcs(.'nt  the  resiikaTit  in  direction  and  intensity  which, 
measured  to  the  scale,  will  show  a  strain  of  between  14,000 
and  l.'i.oiKi  lb.  Tlic  direction  aii<l  intensity  of  the  resultant 
will  vary  if  the  direction  of  the  underwinding  rope  is  also 
considered. 
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The  strut,  or  brace,  />'is  designed  to  resist  this  thrust,  and 
where  there  are  no  other  strains  to  be  considered  the  direc- 
tion of  the  brace  would  be  theoretically  in  the  direction  of 
the  line  C  G.  There  are  vibrations  caused  by  the  variable 
strains  in  hoisting,  and  by  the  movement  of  the  ropes, 
which  would  subject  the  structure  to  injurious  strain  if  the 
braces  were  too  near  the  line  of  the  resultant. 

Therefore,  the  direction  of  the  brace  will  be  somewhere 
between  the  resultant  and  the  line  of  the  underwinding 
rope  of  the  engine,  or  its  direction  will  be  such  that  the 
angle  between  it  and  the  resultant  will  include  J  or  ^  of 
the  angle  formed  by  the  resultant  and  the  line  of  the  under- 
winding  rope. 

The  brace  should  have  a  batter  of  from  1  to  2  inches  to 
the  foot,  so  as  to  be  wider  at  its  foundation  than  at  the  top, 
for  greater  stability  and  better  bracing. 

It  may  be  found  necessary  to  provide  space  for  a  Cornish 
or  other  pump  near  the  shaft,  or  for  the  movement  of  cars 
around  the  shaft.  This  may  be  arranged  by  drawing  in  or 
spreading  the  brace,  provided  the  limits  indicated  are  not 
exceeded, 

2584.  In  the  design  of  the  head-frame,  proper  clear- 
ance in  the  structure  should  be  allowed  for  the  movement 
of  the  cars  at  the  landings,  and  for  passing  cars  around  to 
the  rear  of  the  shaft,  if  such  an  arrangement  is  desired. 

The  material  of  which  the  head-frame  is  built  will  be 
wood,  iron,  or  steel.  Generally  the  former  is  selected  for 
moderate  outlay,  or  where  operations  are  of  a  more  tem- 
porary character.  Iron  or  steel  head-frames  are  adopted 
for  operations  of  greater  magnitude,  for  high  head-frames, 
or  where  timber  is  scarce,  or  where  hoisting  is  deep  and 
rapid.  The  strains  are  better  resisted  in  a  metal  structure 
than  in  a  wooden  one. 

Wooden  head-frames  are  built  with  each  post  of  single 
timbers  12,  14,  or  16  inches  square,  or  they  may  have  com- 
posite posts  made  by  joining  and  bolting  (I'x  \'i'  or  7'x  14' 
timbers.      In  this  case,  the  uprights  supporting  the  sheaves 
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have  4    suL'h    timbers  in  each  pust.     The  upright  on    the 
oppu-site  side  of  the  cage  has  S  such  timbers  in  its  jjosts.  U^h 
has  also  the  main  brace.  ^| 

Iron  or  sttcl  head-frames  arc  built  of   annle-irons,  with 
web  uf  lattice  or  plate.     Cbanncl-iron  is  aUo  used,  joine<l^ 
with  lattice  brartng.  forming  n  hollnw  post.  ^H 

Angle-iron^  are  generaMy  2'x  2^',  3'x  3',or4'x  4',  used      ' 
in  sets  of  2  or  4.  braced  with  ^'x  2'  iron,  about  8  inches 
deep  or  more.     Channel-irons  arc  generally  8  to  12  inches 
deep,  joined  with  ^'x  i'  braces,  ^M 

The  height  uf  the  head-frame  to  the  sheave  center  varie^V 
from  ;t5  to  50  ft.  at  shafts  with  only  one  landing,  and  from 
50  to  85  ft.  in  height  for  shafts  landing  on  a  irestle.  The 
distance  from  the  foimclalions  to  the  tipple  landing  depends 
upon  the  height  above  railroad-tracks  needed  for  dumping 
or  for  filltiig  bins,  supplying  coke-ovens,  etc 


] 


2A8A.    Where  the  coal  is  lo  be  loaded  on  rail  road -cars, 
and  only  one  or  two  sizes  arc  prmluccd  without  much  hand-^H 
lin^  or  screening,  a  height  of  '^4  feci   is  sufficient;  for  pro-^H 
duciiig  three  or  four  siies,  a  height  of  about  3rt  feet  is 
rcijuired:  antl  if   any  handling  or  cleaning  of  the  coal  is 
necessary,  a  height  of  US  or  more  feet  is  necessary,  unless 
the  ordinary  bar  screens  are  replaced  by  ashaking  screen  an' 
elevators  to  diminish  the  height  of  the  structure.     Whcr 
coke-ovenx  are  to  he  .'iiipplit;d,  a  height  of  at  least  3lJ  to  38 
feet  above  the  raiimad-tracks  at  the  coke-ovens  is  reijuire 
for  dumping  directly  into  rhe  larry  without  the  interven- 
tion of  bins  for  staring  coal.      Bins  should  be  provided,  and 
generally  a  height  of  (SO  to  FSfl  fcct  for  the  tipple  platform 
above  railroad-tracks  at   coke-ovens  will   afford  sufficient 
bin  room. 

This  height  of   the  tipple  platform  may  be  reduced  if 
screenings  are   lo  be  used  in  coking,  or  the  coal  is  to  be 
washed.     This  will  necessitate  some  inlcrmediale  handling 
of  the  coal  by  conveyers  or  elevators,  in  passing  it  from  tb 
tipple  to  the  coal  washer  or  coke-ovens.     In  this  case  it 
preferable  that  the  height  of  the  structure  be  a  minirouit). 
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The  screenings  may  be  raised   by  elevators  or  in  cars  on  a 
plane;  l»t  ihc  dumping  points  al  the  uvcns  or  the  washer. 

The  hei|{ht  from  tlic  tipple  pla.tf»rin  to  the  center  of  the 
hea<l  ilieavcs  varies  from  25  to  40  feet,  depending  upon  the 
height  of  the  v^e  and  the  ck-arancc  needed  for  safety 
device*.     A  height  of  3.1  ftct  is  jjjcncrally  siiHicient. 


DISTANCE    OF    E^VtSINI-:    FKCIM    THE   HIIAFT. 

25ti(i.  The  engine  should  be  lo<'ated  at  a  sufficient 
distance  from  the  shaft  lo  allow  the  rope  lu  wind  evenly  on 
the  drums,  and  s<i  that  the  coils  on  the  drums  will  not 
loosen  when  the  cages  rest  on  the  landinj^s.  The  lunger 
the  lead  of  the  ropes,  the  better  Ihcy  will  coil  on  thedrums. 

In  s<5me  cases  the  lot.alioii  of  the  enKine  near  the  hoist- 
ing shaft,  with  the  ropes  leading  therefrom  in  .i  nearly 
rertical  position,  can  not  be  avoided. 

Too  great  a  disiance  of  ihe  engine  frnm  the  hoisting 
shaft,  with  heavy  ropes,  may  result  in  the  weight  *if  the 
rope  between  the  head  sheaves  and  the  engine  raising  the 
cage  a  few  inches  from  the  tipple  landing  when  the  loaded 
car  t«  removed. 

It  is  usual  to  make  the  horizontal  distance  of  the  center 
of  the  engine-drums  from  the  center  of  the  shaft  from  one 
to  one  and  a  half  times  the  vertical  height  of  the  center  of 
the  shcavc-j  above  the  center  of  ihe  engine  drums. 

For  high  hcad-framirs  thishnrizontal  distance  fs  1  to  1.3 
times  the  Vertical  distance;  for  low  htad-frames  from  1  to 
1.5  times  Ihe  disttnncc. 

If  in  a  head-frame  this  vertical  distance  is  "0  fett,  then 
the  horizontal  tlisiance  will  be  from  TO  to  *J1  feel.  If  the 
height  is  6IJ  feet,  the  Iioriaontal distance  will  be  05  to  ?5fcct. 

2587>  The  end  of  the  engine  foundation  is  sometimes 
arranged  for  the  foundation  of  the  back  brace  of  the  head- 
frame.  In  this  case  the  brace  is  caused  to  lie  at  a  consid- 
erable distance  from  the  resullant.  The  arrangement  of 
the  tracks  at  both  landings  and  the  possible  future  (ited  of 
structures    near  the  shaft   for  pumping,   ventilation,   etc., 


---.   -    ■  -iziv-zi-  n  TTJi  lilt  Z'liiisic?  of  the 

;    _  ■■—_=-         .:      -.rT  ■:'--"--«a:  iJc   -i^:ss~w^  clearance 

_         -_-.:--   —.:-    :     H:-  irr-ioz  ^arr:    f  zJi^  head-irame 

_:      -       _:--:    ir—r     -   ^  -  me  Pits  ir  ci  -Jie  ~halt.  and 

T -..     ,:■    -      '        i~.:=r"_:.c    •'Ji~-^    jr.'"jii;-i  the   'i mils  are 

~.  :,-   -  i-r-   -,:-    ■• -^j  inii  zzrt   *.  ri  :s  rer.etrate  ihe 

-  -. :  ^r:  ,  •  .  -rr  i  -  --:e  ^  'Ciii  iOr.-iil';  :•;  -■  :«i  with  rela- 
-.  ;  -.■-■-■  —r.^ix.i:-  z^^jiffT  iJi-?  jj-Ti-^tment  of  the 
-T-  --  ■  ■-  -^  i-ir-i-TiT  .liT.  ;«  il--±r-i  i-  s-^it.  and  the 
-■--.;  ■  :-  .~".:  -  — ~  :»;  ~i:re;i  >"csetrhj-  ;  .  r'T'^videwime 
■-..-_:   -     :    ~  ■-     -  .Ij  Tt  scs  :c ':«;r-»eer.  :hem,  at  either 
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L«.^*^C-VK.'«-T    VHKJU.    T«E  TIP'PI.E  LANDIXG    IS  07I   A 


25SS.     r -:  tri:k~  re-Ttfts  the  shaft  and  tipple  may  be 

--:—  -1  ~:  r  z^.  -  ir.-.n^  wirh  th«  particular  conditions 
H.-  .-:--—  r'"--    :'■:•:  — :-«.     There  are  three  cases  under 

V  -      .  "  ■  r  .   '  ^" ".     :  "'^:k>  ~iy  Se  considered,  viz. : 

'..    '.-'.  ---      ■  ^  — ':-I"Jn-.p:r.gcai:e,asshn\vnin  Fig.  94H, 

■  ,.  r-  -.     -    ■  ■         :rAL<-;  >>tr;ween  the  shaft  and  tipple. 

,     "■'■.-:  .r  IS   "   v-.d  ■•[?    of    the  caj^e   a   distance 

i'  :  -.  .--  ■-  *.~  ;-"^;~  :i:-nl  dumped  and  returned,  dr,  if 
:  :.r-.i-„-~-  ■.  .v;.;  :^rm::,  the  cars  are  dumped  on  both 
-  .  -  ■"  :  ■  :_  .  -i-  '■■.■■■a:i  in  Fig.  flo'J,  in  which  .1  i;^  the 
-?..:■        -       ' :.  ■  ■--;  :  •■-~  ''1  h"th  sides  of  the  shaft. 

:',  \\":.-:r-:  :;r-.!:".::t-:in.r,ts  make  it  desirable  to  remove  < Mrs 
if'y.i  :'■;•■  '■■-;■■,  ;ivi'i  ;irraTiL;e  passing  tracks  f<>r  Inads  and 
Mnji'i'-'  a:i  i  I  r  runnini.j  rock  cars  to  the  dumps,  wliicli 
iri.Lv  !>'■  lit'inT  in  ihi;  inal  tipple  oral  a  distance.  Thisthird 
;irr ,iii,,"'iii'nt  i-i  in  must  f^fueral  use. 

2SHt>.  'I'Ih-  arrani^cment  of  the  self-dumping  cage  can 
1"  II  .111,  iJiovi<li'il  it  is  iii>t  desirable  for  any  reason  to  frc- 
quinilv  iniiovc  I  lie  cars  from  the  cage  at  the  top  of  the 
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shaft.  Under  certain  conditions,  thu  iJtpth  and  rapidity  of 
the  hoist,  size  of  load,  the  amount  and  handling  of  rock, 
cleaning  of  coal,  and  the  steadiness  with  which  cars  can  con- 
tinue in  use  without  removal  from  the  cage  outside,  will 
determine  its  use. 

Rock  can  be  handled  by  a  self-dumping  cage  by  providing 
a  rock  chute  at  the  rear  of  the  shaft,  or  tlirough  a  trap-dr>or 
in  the  coal  chute,  as  shown  at  A  in  Fig,  Did. 

If  the  coal  requires  picking  to  remove  slate,  it  can  be  done 
by  introducing  a  belt  conveyor  at  the  foot  of  the  screens  for 
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the  lump  coal  to  land  on.  This  should  be  about  4  feet  wide 
and  long  enough  to  allow  sufficient  time  for  picking  before 
it  discharges  into  a  bin  or  the  railroad-cars. 

It  is  important  that  a  self-dumping  cage  allows  the  coal 
or  rock  to  free  itself  entirely  from    the  c:ir  in    dumping. 
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wlicllicr  Mfct  or  dry,  and  that  the  time  re<|iiired  produce* 
serious  delay. 

For  the  arrangement  in  the  second  case  it  is  preferable 
that  the  coal  he  rlcan.  and  that  little  rock  is  to  be  handled, 
although,  as  in  the  first  case,  the  rock  can  be  handled  and 
the  coal  cleaned  as  indicated.  This  plan  also  rciiuircs  that 
cars  must  not  be  fre<|ucntly  changed  outside. 

2590.     Tn  the  third  case  there  are  two  arrangemeni*. 

1.  Where  both  the  removal  of  loaded  cars  from  the  k 
and  the  return  of  empty  cars  thereto  is  done  at  the  front 
of  the  shaft. 

2.  Where  the  loaded  cars  arc  removed  at  the  front  of  tl 
shaft  and  the  empty  cars  arc  returned  to  the  cages  at  t 
rear  of  the  shaft. 

In  either  case  there  will  be  one  or  more  empty  cars  on  t 
platform,  in  readiness  in  he  put  on  the  ca^s  when  tl 
loaded  cars  are  removed. 

The  distance  needed  between  the  shaft  and  the  tipple  will 
depend  upon  the  arrangfemcntof  the  tracks  and  the  switching; 
room  rci|uireci  f(ir  ilie  hiadcd  and  empty  cars,  and  powibly  for 
rocle  cars.  (Jenerally  20  to  fiO  ft.  will  he  sulTicienl,  allhotigl 
longer  tracks  can  be  used  if  necessary. 

25S)1.     Flr«t  ArrunKemcnt.^In  this  case  it  may 
necessary  to  dump  the  cars  at  one  tipple.     An  arrangement 


■or 
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of  tracks  for  this  purpose  is  shown   in  Fijf.  fl-W,  althnuf 
where  only  one  dump  is  employed   il  is  preferable  Ihal  it  be" 
one  on  the  principle  of  the  Mitchell,  the  Wilson,  or  the. 
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Phillips  dump,  which  allows  the  cars  to  pass  beyond  the 
tipple  after  dumping.  These  latter  arrangements  are 
described  under  the  head  of  tipples. 

2592.  The  arrangement  shown  in  Fig.  953  requires 
longer  tracks  than  where  there  are  two  tipples.  In  this 
arrangement  the  cageways  are  shown  at  E,  E,  the  tipple 
at  F,  the  loaded  track  at  G,  the  empty  tracks  at  H,  H,  and 
the  rock  track  at  /.  At  A,  A,  A,  A  are  point-rails,  at 
B,  B,  B  spring-latches,  at  C"a  throw  switch,  or  latches,  and 
at  /?  a  latch  which  is  moved  by  the  foot. 

Rock  can  be  switched  out  as  shown  and  carried  to  the 
rock  dumps  wherever  located.  An  arrangement  of  tracks 
leading  to  two  tipples  is  shown  in  Fig.  954. 

In  this  case  E,  E  show  the  cageways  and  F,  F  the  tipples. 
The  loaded  cars  run  straight  to  the  tipples  and  the  empty 


Fig,  mm. 

car  is  returned,  by  the  curved  tracks  and  switches,  to  the 
cage  opposite  the  one  on  which  it  was  hoisted  and  from 
which  a  loaded  car  has  just  been  removed.  The  rock  cars 
are  run  out  on  tracks  H,  H.  By  referring  to  the  plan,  it 
will  be  seen  that  an  arrangement  of  point-rails  at  .^,  A,  A,  A, 
of  spring-latches  at  B,  B,  />',  J>,  and  of  throw  switches  at 
C,  Cwill  be  very  effective.  These  tracks  require  very  little 
distance  from  the  shaft  to  the  tipple. 

2593*     Another   arrangement,  shown   in   Fig.    955,  will 
permit    of    holding    several    empty    cars.       In    this    case, 
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however,  the  loaded  and  empty  cars  hoisted  and  lowered  on 
the  one  side  can  not  be  crossed  over  to  the  other  side,  which 
is  desirable  in  some  cases. 

2594.     In  Fig.  955,  as  in  Fig.  954,  £,  H  show  the  cage- 
ways,  F,  Flhe  tipples,  and  H,  H  the  rock  roads.     The  loaded 
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tracks  G,  G  run  straight  from  the  shaft  to  the  tipples, 
while  the  empty  tracks  /,  /are  of  the  nature  of  turnouts. 
The  arrangement  of  switches  is  as  follows:  A,  A,  A,  A, 
point-rails;  B,  B,  B,  B,  spring-latches;  C,  C,  throw 
switches,  or  latches. 

If  it  is  necessary  to  cross  cars  over  from  one  side  to  the 
other,  the  two  center  tracks  can  be  brought  together,  form- 
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ing  three  trucks  ;it  tlie  (.'enter,  and  resolving  into  two 
tracks  at  the  shaft  and  tipple.  This  arrangement  is  shown 
in  Fig.  950. 
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2505>  In  Fig.  956,  E,  E  show  the  cageways  and  F,  F  the 
tipples.  C  is  the  loaded  track,  /,  /  the  empty  tracks,  ana 
H,  H  the  rock  tracks.  A  is  a  double  throw  switch,  B  spring- 
latches,  and  C,  C,  C,  C"  single  throw  switches,  or  latches. 

If  there  is  any  rock  to  be  handled,  it  can  be  switched  out, 
as  shown,  and  led  to  distant  rock  dumps  to  the  right  or  left 
or  beyond  the  tipple,  or  to  rock  chutes  in  the  tipple  struc- 
ture, where  the  rock  can  be  held  in  bins,  and  finally  removed 
in  railroad-cars. 

2596.  Second  Arrangement. — Where  the  empty 
cars  are  to  be  returned  to  the  cages  by  the  rear  of  th  e  shaft  on 
a  trestle,  it  is  generally  done  by  back-switching,  as  shown  in 
the  tipple  tracks  in  Fig.  947. 

Where  speed  is  required,  this  arrangement  is  preferable 
to  that  of  returning  the  empty  cars  to  the  cage  on  the  same 
side  from  which  the  loaded  cars  are  removed,  as  the  loaded 
car  can  be  pushed  off  the  cage  by  the  empty  car  as  the  latter 
is  being  pushed  on. 

2597.  In  Fig.  947  a  track  for  handling  the  rock  is 
shown.  If  there  is  no  rock,  the  tracks  between  the  shaft  and 
the  tipple  can  be  made  straight. 

Instead  of  tracks  at  the  rear  of  the  shaft,  steel  plates  can 
be  used  for  the  cars  to  run  on,  which  will  not  require  as 
much  length  as  the  tracks  with  their  switches. 

Where  a  system  of  tracks  becomes  very  complicated  on 
the  tipple  landing,  on  account  of  the  room  and  number  of 
switches  required  for  the  shifting  of  the  cars,  steel  plates 
can  be  used  on  the  tipple  platform  in  place  of  the  system  of 
tracks.  Very  little  distance  is  needed  in  this  case  between 
the  shaft  and  the  tipple  and  at  the  rear  of  the  shaft.  The 
disadvantage  of  steel  plates  is  in  their  tendency  to  wear  in 
grooves,  if  of  inferior  material.  Further,  they  are  so  slip- 
pery that  it  is  difficult  for  the  men  to  get  a  foothold  to  push 
tne  cars;  and  the  cars  do  not  run  upon  them  as  easily  as 
upon  rails. 

It  may  be  necessary,  in  some  mining  operations  where 
small  cars  are  used,  to  hoist  two  cars  side  by  side  on  a  wide 
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cage.  In  this  case  a  tipple  platform  laid  with  plates  is 
preferable,  and  permits  al.su  af  putting  the  empty  cars  <h) 
the  cage  at  the  rear  of  the  shaft. 

[n  planning  the  tracks  on  the  tipple  landing,  the  loaded 
traclcs should  bcstntightand  asfrcc as possiblcfrom switches, 
or  open  points,  to  avoid  the  necessity  of  pushing  carii  sideways 
to  clear  the  switches. 

Sufficient  mum  should  be  allowed  at  the  rear  of  the  sfasift 
in  oaftC  of  bai-k-iiwitchiiig,  or  for  the  introduction  of  some 
mechanical  device  for  the  removal  of  the  loaded  cars  fro 
the  cage  and  the  shifting  of  empty  cars  thereon. 


2SOH.  There  are  two  classes  of  apparatus  for  shifting 
cars,  known  as  cnr-Mlilftlnir  cIuvIccm,  one  the  invention  of 
Mr.  Robert  Rainsuy,  (he  mhrr  thai  of  Mr.  F.  B.  Parrish. 
In  the  former  a  ram  pushes  the  empty  car  against  a  loaded 
car  on  the  cage.  The  empty  car  is  thus  placed  on  the  cage 
and  the  loaded  car  pushed  off  and  continues  on  a  track  about 
33  feet  long,  with  a  fall  of  4  inches,  to  the  tipple.  After 
being  dumped,  the  car  iii  swilched  lo  an  empty  track,  pass- 
ing to  one  side  of  the  shaft.  This  track  is  about  50  feet  long, 
having  a  fall  of  A  inches,  and  land:*  the  empty  car  on  a  tmdc, 
which  is  moved  up  an  incline  at  right  angles  It-  the  line  of 
the  tipple  platform,  and  thus  raises  the  car  up  the  vertical 
height  of  1  foot  which  it  has  descended  in  moving  from  the 
cage  to  the  tipple  and  from  there  to  the  truck. 

When  the  empty  car  is  thu.s  brought  opposite  the  loaded 
car  on  the  cage,  the  power  is  applied  to  the  ram  automati- 
cally, and  the  process  repeated  of  pushing  an  empty  car 
against  a  loaded  car  on  the  cage,  moving  the  latter  to  the 
dump  and  placing  the  fonucr  on  the  cage,  in  readiness  to  be 
lowered. 

This  apparatus  requires  a  distance  of  about  ^S  feet  to  the 
rear  of  the  shaft,  and  a  width  of  about  40  feet  for  the  first  10 
feet,  and  Iti  feet  in  width  for  the  remaining  30. 
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2599.    The  apparatus  designed  by  Mr.   F.  B.   Parri 

oijeratett  as  follows: 
The  platform  of  the  cage  inclines  towards  the  tipple,  so 
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thi{  when  the  car  is  released  from  ihc  lock  holding  ii  nn  the 

C»ge.  ii  move^  lou-ards  the  ti|)iJl«  on  a  track  abnut  30  feet 

bng,  having  a  lailof  about  I  foui. 

A  rupe  is  operated,  first  in  one  direclioii  and  then  in  the 
other,  by  an  engine  located  al>out  "23  feet  back  nf  the  shaft, 
ind  to  one  side  of  the  platform  and  below  it. 

This  rope  operates  in  a  plane  about  G  feet  above  the  tipple 
ptatform,  :ind  jiaKses  from  the  engine  up  to  an  overhead 
pulley,  and  thc^n  <;ontinties  by  the  side  of  one  cnge  compart- 
ment (o  the  side  of  one  of  the  tipples,  and  from  this  tipple 
to  the  second  one,  and  then  back  by  the  side  of  the  other 
cage  <:orapartmcnt  to  a  pulley  H^  feet  hack  of  the  shaft,  and 
on  the  other  side  of  the  platform  from  the  engine.  From 
this  pulley  it  passeft  to  the  engine. 

A  chain  attached  to  this  rope  has  a  hook  which  is  attached 
to  the  hinge  of  the  car  door,  and  when  the  car  has  been 
emptied  at  the  tipple  the  rope  is  o{>cratcd  to  carry  the  car 
on  the  empty  track,  about  Al>  feet  long,  around  the  side  of 
the  shaft,  and  up  an  elevation  uf  18  inches  to  a  truck  op- 
erated by  the  same  engine,  and  carrying  the  empty  car 
opposite  the  cage.  The  empty  car  is  then  moved  on  the  cage 
at  the  same  time  that  the  loaded  car  is  removed.  The  empty 
car  rests  on  an  inclined  track  on  the  truck,  and  at  sufficient 
elevation  to  move  to  the  cage  by  gravity  when  released. 

In  both  these  devices,  the  shifting  trucks  arc  arranged  »> 
that  when  one  is  moving  the  empty  car  to  the  position 
opposite  the  cage  of  one  compartment,  the  other  truck  is 
moving  to  position  for  receiving  the  empty  car  for  the 
other  compartment.  This  apparatus  requires  a  distance  of 
about  ii  feet  to  the  rear  of  the  shaft  and  a  width  of  Si  feet. 


26f>0.  If  the  arrangement  of  tracks  or  lack  of  space 
prevents  the  u.se  of  the  preceding  arrangcmenta.  mechanical 
lift-S  can  be  introduced  at  s<jme  portion  of  the  return  empty 
tracks,  where  they  arc  straight,  as  at  the  sides  of  the  shaft, 
in  Fig.  'M7,  ami  the  cars  can  be  raised  suflfiricntly  high  tn 
continue  over  the  back  switches  at  Ihr  rear  of  the  shaft. 

The  u^ual  style  of  lift  is  made  of  sprocket-chain  arranged 
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in  the  center  of  the  track  for  a.  length  of  6  or  LO  feet,  as 
required,  and  hiU'in^;  a  rise  of  from  1  in  A  to  1  in  3.  I^iigti 
are  aTtarhed  to  the  chain  at  inierval;!,  which  move  Ihe  r.ir 
b)'  pushing  against  its  axle,  lmin|x;rs,  or  hlucks  bulled  to  the 
bottom  of  the  car.  The  advantage  of  car-shifting  devices  is 
the  increased  rapidity  with  which  the  cars  arc  handled. 

200l>  The  usual  gradett  with  gravitating  tracks  are  as 
follows: 

For  loaded  cars  a  steep  grade  is  provided  at  the  start.  It 
is  about  t  or  J  inch  to  the  foul  fur  lu  ur  15  feet,  and  the  bal- 
ance of  the  distance  is  at  the  rate  of  C  inches  per  liMi  feet  for 
straight  track,  and  mure  if  tracks  arc  uneven  and  curved. 

The  return  empty  track  can  have  a  short  sleep  grade  of  J 
to  1  inch  lo  the  foot  for  the  first  ici  feet,  and  at  the  rate  of 
9  to  IS  iiiehes  per  liHi  feet  for  the  balance  of  the  distance. 
If  the  short  steep  grades  produce  to*t  great  a  difference  in 
the  elevation  of  the  tracks,  ihcy  can  be  omitted,  as  the  cars 
can  be  given  a  start  by  being  pushed  by  hand. 
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AUHAKtiKUKKT    WKHMC    THi:    HHAPT    HAS  OKR  COMMOK 
■.ANUtNU    l.l!Alli:%<>   TO  Till:    TII*PI.K   AKI>  TO   THR 

VAUIl   i.i-:%-HI.. 

2002.     It  is  desirable  in  this  case  that  the  shops,  supply  ■ 
houses,  and  material  yards  be  located  cmvcniently  to  the 
return  empty  track  and  its  branches. 

Generally,  around  or  near  the  air-coiiiparimenl  side  of  the 
shaft  will  be  located  one  or  more  of  the  buildings  for  venli- 
laiion,  pumping,  air-compressors,  an  electric  plant,  or  an 
engine  for  underground  haulage.  The  location  for  the 
empty  return  track,  and,  therefore,  the  shops,  yard,  etc.. 
may  have  to  be.  on  this  accoiuil,  on  the  opjxisitc  side  of  the 
shaft  from  the  air  comj^itrtment. 

If  the  Uacks  between  the  shaft  and  the  tipple  are  short, 
tiieir  plan  will  be  similar  to  the  arrangcinenis  already  ex- 
plained for  returning  the  cars  to  the  cages,  either  by  the 
front  or  rear  of  the  shaft,  with  some  modifications  for  switch- 
ing cars  between  the  mine  and  shops  and  yards  by  means 
of  turnouts  or  crossings. 
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If  the  distance  is  long  between  the  shaft  and  the  tipple, 
the  loaded  tracks  from  the  cages  should  be  led  together  at  a 
short  distance  from  the  shaft,  and  one  loaded  track  be  used 
to  the  tipple. 

After  dumping  at  one  or  more  tipples,  the  empty  cars 
should  be  switched  or  crossed  over  to  one  empty  track  re- 
turning to  the  shaft,  from  which  branch  tracks  turn  off  to 
repair-shops,  lumber-yard,  etc. 

Another  track  with  branches  should  be  turned  off  from 
the  loaded  track  near  the  shaft,  and  run  to  the  yards.  Over 
this  track  coal  is  taken  to  the  boilers,  and  the  crippled  cars, 
machinery,  and  other  material  from  the  mine  are  taken  to 
the  shops  and  the  yard, 

2603.  In  Fig.  048  is  given  an  ideal  arrangement  of 
tracks  in  the  case  of  a  shaft  with  only  one  landing,  where 
the  empty  cars  make  a  half  circuit  in  returning  to  the  shaft. 
This  plan  is  preferable  to  the  arrangement  of  back-switch- 
ing of  cars,  provided  there  is  sufficient  room  outside  for  the 
curved  tracks  and  the  arrangement  of  the  shaft  bottom  will 
fwrmit  of  its  adoption. 

In  this  plan,  the  empty  cars,  on  arriving  at  the  rear  of  the 
shaft,  have  their  door  ends  reversed. 

This  requires  the  tracks  at  the  shaft  bottom  to  be  similar 
to  the  arrangement  on  the  outside,  so  that  cars  will  be 
headed  correctly  into  the  mine. 

Some  shaft  bottoms  are  planned  especially  to  introduce 
this  arrangement. 

If  the  conditions  do  not  permit  of  using  this  system  of 
tracks,  they  can  be  made  nearly  parallel,  and  arranged  fur 
the  return  of  the  empties  to  the  mine  by  the  front  or  rear 
of  the  shaft  by  back-switching,  as  shown  in  Fig.  1*57,  and 
the  main  features  in  switches  and  branch  tracks  can  be 
still  maintained. 

2604.  In  Fig.  957  the  shaft  is  shown  at  1,  the  scales  at 
2,  and  the  tipples  at  3.  The  huisting-cngines  are  shown  at 
fi,  the  boilers  at  5,  the  Cornish,  or  bull,  piimj)  at  '/,  and  the 
fan,  which  may  be  some  distance  away  from  the  rest  of  the 
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pUnt,  is  shown  al  7.     The  ciectricnr  comprewwd-nir  plant  ig 
ihnwn  ai  iV.  and  the  unrtcrgronnd  haulage  plant  is  shown  at 
9.    The  wires    from  the  electric  plant,  or  pipes  from  the 
«mpresscd-air  plai»ts.  as  well  as  the  ropes  from  the  haul- 
at;c  plant,  enter  Ihu  mine  through  the  pump  conipartmcnt 
nf  Ihc  hoisting  shaft.     The  tank  for.  wat«r-siipply  is  shown 
at  70,  th«  wash-houHc  at  JJ,  the  mine  offiL-c  at  J^,  the  lamp 
house  at  JJ,  the  chck-clerli'if  oflice  al  rf/,  and  the  weigh- 
man'.f  office  at  SS.     The  machine-shop  is  shown  at  J4.     The 
lilatksmith  sliop  15,  with   un  atldilion  for  tools,    i»  shown 
alongside  of   the  carpenter   shop  t8.      The   saweil-lunibcr 
yard  t7  is  close  to  the  carpenter  shop,  and  adjoining  it  is  the 
sawmill    IS.     The   ttmb[!r  and    rail  yard  is  shown  at   19. 
The  supply  house  is  shuwn  al  30,  the  oil  house  at  US,  and  the 
iron  and  pipe  shed  is  shown  at  S^,  the  latter  being  con- 
venient   to  both    the    machine-shop  and  blacksmith  shop. 
The  powder  house  is  shown  at  2^.     As  mentioned  in  de- 
scribing other  plans,  the  powder  house  should  he  loualed 
at  least  l.OOli  feet  away  from  other  buildings.     The  stable 
£S  and  the  harness  and  wagon    house  :^f>  arc  side  by  side. 
The  hay  and  fee<i  siorehonse  27  is  located  alongside  the 
material  track,  with  a  wharf  for  receiving  feed  on  the  side 
next  the  track.     It  is  also  clo.sc  to  the  stable. 


2605.  In  this  arrangement,  the  loaded  cars  from  tho 
shaft  /  arc  run  over  the  track  a  to  the  scales  ^.  and  ihcnce 
to  the  tipples  3.  The  empty  cars  rt-turn  to  the  shaft  by 
track  A  The  rock  cars  are  rim  lo  the  diinipovcr  track  c  on 
one  side  of  the  tipples,  and  are  returned  to  the  shaft  over 
trark  w  on  the  other  side.  The  cars  of  dirty  coal  arc  run 
flnto  track  /,  and  cars  needing  repairs  arc  run  on  track  s. 
Timber  and  rails  arc  taken  to  the  shaft  over  track  r,  and  the 
sapplies  arc  taken  to  the  sh:ift  over  track  c  or  trark  d. 
Sawed  lumber  and  in^ichincry  arc  moved  to  any  part  of  the 
plant  by  meamt  of  track  t/.  Empty  cars  are  taken  to  the 
yard  or  to  the  car|)enicr  shujion  track  y.  Hay  and  feed  arc 
taken  to  the  shaft  over  truck  t.  The  railroad-tracks  arc 
arranged  under  the  tipple,  as  in  Fig.  948.    The  empty  shifting 
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track  is  shown  at  A,  Iht:  lump-coal  track  at  S,  the  nut- 
coal  track  at  C,  and  the  pcn-c«>al  track  at  A  The  track  fi-ir 
material  to  the  timljer-yard,  oil  house,  hay  and  feed  store^f 
house,  etc.,  is  shown  at  P.  If  necessary,  an  inclined  plane 
can  l)c  put  in  this  track,  up  which  loaded  can*  can  be 
pulled  by  n  wire  rope  attached  tn  a  drum  run  by  the  saw^H 
mil!  engine.     The  location  of  the  rnpc  in  such  a  i:asc  is 

shown  as .     The  water-supply  pipes  arc  shown 

thus .     Thesteam-pipeii  are  shown  thtiR ^| 


2H06.  In  some  plants  the  peculiar  position  of  the  tip- 
pie  with  relation  to  the  shaft  and  othrr  buildings  renders 
the  plan  of  half-circuit  tracks  more  feasible  for  the  return  of 
empty  cars  to  the  shaft,  and  if  the  reversed  position  in  which 
they  arrive  there  i*  not  desired,  they  are  turned  on  plates 
Idcaied  at  the  rear  of  the  shaft  before  entering  the  mine. 

If  the  tracks  make  n  half  circuit  at  the  tipple  and  also: 
half  circuit  al  the  rear  r>f  the  shaft,  the  cars  will  have  made 
a  full  circuit,  and  arrive  at  the  shaft  headed  the  same  wxth 
as  when  they  left  it.  ^| 

In  any  of  the  arrangements  of  tracks  where  the  distance 
is  great  between  the  shaft  and  the  tipple,  they  can  be  made 
gravitating,  and  mechanical  lifts  introduced  at  some  one  or 
more  points  where  the  empty  and  other  cars  all  pass  over 
the  same  track  in  returning  to  the  mine,  as  shown  in  Fig.  WH. 

If  the  difference  in  the  clcvatinns  of  the  various  tracks  is 
very  great  and  occurs  in  the  yurd,  it  may  prove  a  disadvan^H 
tagu,  so  that  it  is  prcfcratile  that  the  mcchanit-'al  lift  in  thi^™ 
case  he  near  the  tipple,  and  the  elevation  of  the  yard  be  kept 
nearly  level. 

A  second  mechanical  lift  may  be  necessary  at  The  rear 
the  shaft  to  overcome  some  slight  differences  of  elevation 
the  track,  if  the  turnout  from  the  loaded  track  to  the  ya 
is  made  gravitating. 

The  location  of  a  mechanical  lift  at  the  rear  of  a  shaft  is 
objectionable  unless  other  tracks  exist,  so  that  heavy  ma- 
chinery, lumber,  etc.,  will  not  have  to  be  handled  over  it. 

U  it  is  desired  to  maintain  the  system  of  tracks  between 
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the  shaft  and  tipple  at  a  level,  an  endless  rope  can  be  intro- 
duced, moving  in  the  direction  of  the  loads  and  to  one  side 
or  over  the  cars,  and  returning  in  the  direction  of  the 
empty  track.  

VARD  TRACKS. 

2607.  Branch  tracks,  conveniently  arranged  according 
to  the  conditions  and  requirements,  will  be  needed  in  the 
yard,  in  the  several  directions,  as  shown  in  Figs.  947,  948, 
and  957,  for  the  following  purposes: 

1.  Tracks  for  handling  heavy  timbers,  rails,  piping,  etc.,.- 
which  will  have  to  be  transferred  to  the  cages.  (See  tracks 
f,  Figs.  047,  948,  and  957.) 

2.  Either  the  same  or  other  tracks  for  loading  sawed 
lumber,  props,  hay,  feed,  etc.,  onto  cars  going  into  the  mine 
from  various  storehouses.  These  cars  will  generally  run 
directly  onto  the  cages.  (See  tracks  <i,  Figs.  047,  948,  and  957. ) 

3.  Tracks  to  the  carpenter  shop  for  cars  needing  repairs. 
(See  tracks  d.  Figs.  947  and  948,  and  track/.  Fig.  957.) 

4.  Track  to  the  inaciiine-shop  for  handling  machinery  on 
trucks  from  the  various  points  above  and  below  ground. 
(Track  ^,  Fig.  947.  track  t.  Fig.  948,  and  track  rf,  Fig.  957.) 

5.  Tracks  to  the  boilers  for  coal,  unless  the  boilers  are 
handy  to  railroad-tracks  and  can  be  more  conveniently  sup- 
plied from  railroad-cars  loaded  with  coal  or  screenings. 
(Tracks  r.  Figs.  947,  948,  and  957.) 

If  there  are  isolated  plants  using  boilers,  coal  should  be 
supplied  thereto  by  branches  from  the  mine  or  railroad- 
tracks  as  most  convenient. 


SPECIAL    FEATURES    IN   HUILDINGS  AT  SHAFT 

MINES. 

260S.  The  arrangements  and  features  of  each  of  the 
buildings  in  the  mine  plant  will  be  explained  farther  on,  but 
a  few  important  points  in  their  arrangement  at  shaft  mines 
should  be  mentioned  here. 

The  danger  in  case  of  fire,  where  limber  is  used  in  the 
construction  of  many  of  the  buildings  that  uf  necessity  are 
so  near  the  shaft,  makes  it  advisable  that  the  head-frame, 
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platform,  and  structure  be  built  qI  iron  or  steel,  also  th( 
tipple  structure  if  it  is  near  by.  All  roofs  »hoiil(l  Itc  of  cor- 
rugatcd  iron. 

If  the  engine  aoJ  boiler  houses  have  corrugated  roofs,  the 
greatt'st  danger  in  case  uf  fire  there  is  overcome,  but  greater 
safety  is  secured  if  their  walls  also  are  built  of  stone,  brick, 
or  corrugated  iron. 

If  a  fan  house  is  located  near  the  third  compartment  of 
Ihe  shaft,  it  should  also  be  made  fireproof  with  brick  walls 
and  iron  casing  and  roof. 

The  carpenter,  blacksmith,  and  machine  shop  and  other 
buildings  c:in  be  sufficiently  removed  so  as  not  to  be  sources 
of  danger  in  case  of  fire;  although,  if  the  cost  of  con- 
struction  can  be  incurred,  they  should  be  made  fireproof. 
In  the  latter  cases,  the  risk  of  the  loss  of  each  building 
and  consequent  delays  to  the  operations  are  principallj^ 
concerned. 

With  wociden  buildings  surrounding  the  shaft  opening," 
there  is  risk  tif  the  total  destruction  of  the  property,  inside 
and  outside,  as  well  as  the  possible  loss  of  life  in  case  of  fire. 


TKKTILATIWG  I*LANT. 

2609.  As  there  are  generally  two  openings  to  a  shaft- 
mine,  it  is  preferable  that  the  ventilating  plant  be  erected 
at  the  second  opening  and  not  at  the  third  compartment  of 
the  hoisting  shaft,  so  as  to  leave  this  compartment  open  as 
an  air  inlet,  also  for  pipes  or  rods  for  pumping,  ropes  for 
haulage,  or  air-pipes,  or  electric  wires  for  hatdage,  coal 
cutting  and  pumping  underground,  as  the  case  may  require. 

It  is  well  to  have  a  fan  erected  rear  the  third  compart- 
ment for  use  in  case  of  emcrgenry.  and  connected  there* 
with  by  an  underground  conduit  just  below  the  surface. 
(See  Fig.  V\7.)  The  air  compartment  can  remain  open,  free 
from  obftHuctions,  until  it  should  be  necessary  to  use  the 
fan,  when,  by  closing  certain  doors,  always  in  readiness,  at 
the  top  and  bottom  of  the  shaft,  the  ventilation  can  be  con- 
trolled as  may  be  desired,  in  case  of  accident  to  the  other 
fan  or  in  other  emergencies. 


8  24 


OP  BITUMINntrs  MINES. 


S3 


SURFACE  ARRANGEMBXTS  AT  A  MINE 

OPENED  AT  A  I*<»IX T  BELOW  THE 

TIPPLE  LEVEL. 


GEKKHAL  FLAN. 

2A10>  The  disliiioiive  fcalurcs  vrhcrein  a  mine  opened 
at  a  point  below  the  level  of  the  tipple  diners  from  mine» 
opened  otheririsc,  arc  in  the  arrangements  necessary  for 
hoisting  trips  of  cars  with  ropes  on  an  incline  more  or  less 
steep  and  long,  and  finally  landing  on  a  nearly  level  plat- 
form, where  they  are  dumped;  also  in  the  connection  of 
the  slope  and  yard  irat-k-;,  mure  csiwcially  where  the  tipple 
is  at  a  higher  elevation  than  the  yard  tracks,  and  cars  must 
be  lofrered  or  hoisted  by  the  slope  engine  in  shifting  them 
between  the  slope  and  yard  tracks. 

Sometimes  but  one  or  two  cars  are  hoisted  at  a  time,  due 
to  a  short  haul,  requiring  very  little  power  and  small  land- 
ing- rofjra.  Generally  from  six  to  liftecn  carA  arc  hoisted  at 
a  time,  requiring  long  landing  room  and  powerful  engines, 
which  make  it  important  that  the  latter  lie  located  on  line 
with  the  slope  and  trestle  at  M>mc  convenient  point,  so  that 
the  structure  tan  be  properly  braced,  and  no  complicated 
strain  brought  to  bear  on  the  xhcavcs  at  the  knuckle  and 
points  where  the  rope  change?  direction. 

In  this  )>articular  the  I<K-jition  of  the  engine  on  line  with 
the  slope  is.  perhaps,  of  more  importance  than  at  a  drift  mine, 
because  at  a  ilrift  mine  either  the  power  required  for  the 
haulage  of  lung  tri|»s  is  not  so  great  as  at  the  slope  or  the 
surface  location  of  the  tracks,  where  curves  are  required, 
permit  of  a  solid  foundation  for  the  sheaves,  !>o  that  the 
ropes  can  be  led  to  the  engine,  whether  located  on  line  with 
the  drift  or  not. 

261 1.  A  slope  mine  differs  from  a  Khaft  mine,  but  is 
similar  tu  a  drift  mine  in  the  following  rcspects; 

1.  The  lowering  and  hoisting  of  men  and  mules  is  not 
oeceaBary  unlcu  the  slope  is  very  steep,  as  a  second  opening 
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is  generally  provided  for  their  entrance  and  outlet,  although 
in  some  cases  they  enter  by  the  haulage  road. 

3.  Stables  for  mules  are  not  usually  built  iindt-rnniund, 
in  which  case  it  is  not  necessary  that  hay  or  feed  he  lowered 
into  the  mine,  unless  it  is  for  the  noon-day  meal. 

3.  Long  timbers,  pipe,  rails,  etc.,  can  be  eonvenieiitly 
lowered  into  the  mine,  whereas  at  a  shaft  mine,  iinieHS  proper 
provision  is  made  at  the  top  and  bottom  and  cages  are  con- 
veniently arranged,  it  is  sometimes  ine()nvenicnt,  if  not 
impossible,  to  handle  material  of  lengths  as  great  an  desired, 

2612.     A  general  arrangement  for  a  slope  is  nhown  in 
Pig,  958.     In  this  case  the  landing  platform  anrl  tip|fle  in 
between  the  mine  outlet  and  the  railroad-traclcH,  and  the 
ground  is  comparatively  level,  with  the  mine  rmtlct  nearthn 
trestle.     In  this  figure,  which  shows  a  jilan  of  the  oiilHide  ar- 
rangements, with  an  elevation  of  the  trestle  and  acroHS-ttirr. 
tion  of  the  trestle  at  the  knuckle,  the  mouth  of  ihi:  slojMr  is 
shown  at  1,  with  an  extension  of  its  grade  to  a  jKiint  high 
enough  for  a  trestle  with  height  enough  alcove  the  rajiroa*!- 
fracts  for  the  tipple.     The  sf.ales  ar*;  shown  on  th«  tn:si)<t 
platform  at  -?.  directly  overth^  ',-nj;in'.-s-f,  and  tli':  'inu>]n  are 
shorn  at  -3.     The  bfjikr  h'^uv;,  with  '.'/al-bins  in  fr-inx,  it 
shown  at  o.      The  compress- ;d-aJr  or 'rle'.tri'.plar.t  !>»  fch'-wr:  at 
■*.     The  task  for  waler-supp^.-  is  -h'/wri  a*  /'/,  a;,d  \\.':  w.ti'-.T- 

supply  pipe*  are  showr.  ih-j'? -.      'l":.-,  ■».h-':;A.---:^j-  it 

shown  sc  31.  ■:'-•  niir^e  or5":  a*.  1 .',  ar.':  ■.:.•;  '.-^'w,!  ).■>-:  vr  -a:  /.( 
The  macr.irj-:-*zop/.i.  V.i'.'iCMrr.'.'.:.  >■?.'.;/  J.y. '. -at -./•-.■.• -r  >.■.•,;,  iK. 
and  Tree  aisc  Y-'^  h'^ist  J^-J  ar*  -'.ow.  :',  a  -fr-y,-..  »  ■.  '  r,  ;-.  i.-, 
arrangctae^t  t^t  if  ~.-r-  -_--.-*:-.■':-.■..  ';-■:  iw-.-,..:  ;^ 
timber-Tare  ."''.  irs.  iiiw^i-Ij --.'.*-  vi— i  '".  -^.r-.  ■<.'■•■.  ■■.■  .•■ 
cntlT  ifri'TptrL  Tzit  i--^C- ■"  '.  .  -^  -"■.  '.:  r:  .  *-.  .; t  <■■.•••: 
clerk'* '.iS^*  .^J  ir*  t'.v  ■■-.'■.-  »:■ :  .  y^'.*,'J  ".■•■-  y.*.:-' 
hiiTjt  r*    ir  ZiX-  i'zi'w.     :  .'     h"    V        ■  -.  -.iv;  i  v  •■  -•  - 

rr.s-'-'.-^n^\-tt    jJ-j-r-  '     tt    '-■*.-,-■    "   \         -'--.,     '.    '/  '.'■' 

s-ta':ji«   i:r.  iac-n***    t'< :   p  i ;;    ■    -     .  ^.    .  ■    ■.-  :    ■  ■.      ;  ■  -      •  ■•. 

StW'tit'.IH*    i^    i:r*r    'i,<-,-i_-.-;.      ;         '  ■  ■.■   K:-..     '  ■■"     1-      ■.-      '   .' 

TiK  aBKEWir   ir  ir*.i-r  .t.^-    vi      ,.   .t    .•..•-      -       v  ■■*;  ■!■.< 


36  SURFACE  ARRAXOEMENTS  §  «*- 

with  the  fan  t.  These  may  be  located  iteveral  hundred  yardfs 
away,  in  which  case  a  separate  steam  plant  will  be  required. 
for  the  fan.  If  the  manway  anti  fan  arc  ioc-aie<1  liul  a  short 
distance  uff,  steam  can  1:e  supplied  to  the  fan-engine  frorn. 
the  main  boiler  plant  <•.  Or,  if  far  away  and  lliL-rt  is  an 
electric  plant,  the  fan  may  be  run  by  a  motor,  ffd  by  wires 
from  the  dynamos.     The  stcam-pipc»  from  the  buikrsare 

shown  thus .,.     The  coal -bins  for  coke-oven  supply  are 

shown  at  i?A\  the  coke-ovens  at  .W,  and  the  coke  wharves  at  SI'. 

There  arc  a  few  exceptions  to  this  general  arrangement, 
which  will  be  referred  to  farther  on. 

The  length  of  the  trestle  plaiforni.  as  shown  in  Fig.  858. 
will  depend  upon  the  number  of  cars  to  be  hoisted  and  the 
amount  uf  shifting  of  cars  necessary,  also  whether  rock  is 
to  be  handled. 

2613.  The  system  of  tracks  is  arranged  so  that  the 
loaded  cars  from  the  mine  arc  drawn  up  and  over  the  knuckle 
and  on  to  a  center  track  a,  which  is  slightly  elevated,  so  aft 
to  have  a  down  grade  of  1.6fl,<  towards  the  tipple.  The 
loads  are  then  distributed  to  the  tipples,  and  when  dumped 
they  are  run  to  either  of  the  empty  tracks  b  on  the  outside 
of  the  loaded  tracks,  which  have  a  down  grade  of  2#  towards 
the  knuckle  to  f.icilii.ite  their  movement.  The  cars  are 
collected  from  the  knuckle  towards  the  engine  and  held  by 
a  "stop  "  at  the  knuckle. 

A  rope  is  attaclicd  to  the  Tear  of  the  trip,  and  when  it  is 
to  be  luwered  the  "stop  "  is  removed,  and  the  incline  of  the 
track.s  is  .sufficient  to  start  the  cars  towards  the  slope. 

In  the  piuising  of  the  tnad.t  from  the  slope  tracks  to  the 
high  center  elevated  track,  there  is  some  friction  of  the  ropes 
against  the  side  of  the  elevated  structure,  requiring  guides 
or  sliding  pieces  made  of  wotxl  and  laid  from  the  inside  rail 
of  the  empty  tracks  to  the  outside  of  the  rails  of  the  loaded 
tracks,  so  as  to  reduce  the  -wear  on  the  rope  and  gtiide  its 
movement  up  from  the  sheaves  and  to  one  side  of  its  slope 
line.  The  empty  cars,  in  returning  to  the  mine,  carry  the  rope 
^B     to  the  proper  center  line  before  passing  over  the  knuckle. 
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In  this  arrangement  the  lead  between  theshcavcs  and  the 
point  where  ihc  loads  turn  out  to  the  ccnicrtrark  should 
be  lung.  If  tlie  ungle  nt  the  knuckle  is  too  great,  drums  are 
belter  than  sheaves  at  the  knuckle,  for  the  ropes  will  leave 
titn  more  readily,  as  the  loaded  trips  pull  the  rope  sideways. 

In  this  system  of  three  tracks,  sufficient  length  is  ])r«)vided 
for  accumulating  two  trips  on  each  side.  The  rope  lies 
between  the  tracks  from  the  knuckle  to  the  sheaves,  where 
the  rope  passes  diiwn  to  the  ciiijirie,  so  as  to  be  out  of  the 
w»y  in  shifting  cars,  and  nut  in  the  center  vi  the  track*. 

Sufficient  distance  should  be  allowed  from  the  engine  to 
the  sheaves  S,  deflecting  the  ropes  from  the  platform  to  it, 
Wlhat  the  coiling  on  the  drum  will  he  perfect.  This  dis- 
Uncc  depends  upon  the  width  of  the  drum  and  the  load; 
tiicct  will  be  suRicicnt  with  a  small  drum  and  light  h>n<l, 
altJiough  the  longer  the  distance  the  better.  One  hundred 
Ittt  is  sufficient  in  all  cases,  and  if  thit;  distance  is  needed 
Mdcan  not  be  obtained  in  the  direction  of  the  engine  from 
ibc  sheave  6',  shown  in  Kig.  U58,  the  engine  can  he  located 
UBiIcr  the  trestle  in  the  opposite  direction  from  the  sheave. 


261 4.     An  cxaminaiion  of  the  plan  of  tracks  on  Pig.  0fi8 
irill  show  that  loaded  rock  cars  are  run  to  the  dump  over 
track  e>,  and   the  empty  cars  arc  returned  over  track  «. 
Dirty  coal  is  switched  on  to  track  /  and  crippled  cars  ar« 
switched  on  to  track  s.     Coal  for  the  boilers  is  run  over 
track  f.      Cars  are  hoisietl  from  and  lowered  to  the  yard 
Icrcl  on  tracks  ic  by  the  hoisting-engine.     Timber,  lumber, 
and  rails  are  taken  to  tbc  slope  over  track  (.     Cars  are 
taken  to  and  from  the  carpenter  shop  over  track  </.     Ashes 
are  taken  from  the  lK>ilcr  house  to  the  ash  dump  over  track 
/.     All  of  these  tracks  connect  with  tracks  jf,  which  in  turn 
connect  with   tracks  u:      The  tarry  tracks  from  the  coal- 
bins  frf  to  the  coke-ovens  ,90  are  marked  i. 

The  rail road-t racks  arc  arranged  as  follows:  A,  empty 
iJiifting  track;  />',  lump-coal  track;  C\  nut-coal  track;  f), 
slack  track,  and  /'',  material  track,  or  track  on  which  sup- 
«»ljes  in  carload  lots  are  received. 
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TRACKS. 

2015>  Fig.  DAO  shows  an  arrangfC' 
tncnt  of  tracks  wherein  an  ovcrhcsid 
traveling  pulley  is  employed  to  gtiic^e 
the  rope  ia  raising  the  loaded  ca-n 
to  an  cie%'aied  track  which  has  a 
down  grade  tu  ihi;  tipple,  and  for 
returning  the  empty  cars  accuinia.  la- 
tiii)Ct>ii  an  cniply  track  with  a  dum^^- 
yradc  In  the  slope.  The  empty  trca-ck 
switchesi  into  the  straight  slope  tra.<?k, 
similar  tu  the  arrangement  in  K*  ig. 

In  this  arrangement  the   sheaves 
.1  and  />arc  stationary.     The  shearc 
/Vis  mounted  on  a  truck  which  mc»v« 
along  a  level  track.      When  startiuif 
to  hoist  the  load,  the  truck  and  it* 
Kheave  are  in  the  position  A,  but  by 
the   time    the    load    has   pasiscd  the 
knuckle    and    is   running  along  the 
loaded  track  «  the  truck  has  moved 
to  the  position  Jf'.     When  the  empty 
cars  on  track  fi  are  attached  to  the 
rope  and  they  are  lowered,  the  trildt 
leaves  thf  position  B'  and  runs  along 
to  the  position  />.     The  loaded  traclc 
a  has  a  fall  o(  1.  Gi)^  towards  the  dump, 
and  the  empty  track  &  has  a  down 
grade  from  the  dump. 
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ruMniMG  AT  A  »i.oi>B  ailHB. 

2tiltt.   The  advancing  face  of  the 

slope  or  dip  workings   requires  that 

the    pumping  plant  be    continually 

extended  with  the  increasing  depth 
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of  the  mine.     A  very  common  practice  has  been  to  carry 

a  Jine  of  steam-pipe  from  the  boilers  on  the  surface  down 

the  slope,  or   by  a    separate  pipe-way,  to  a   steam-pump 

located    underground.       This  sometimes    results   in   steam 

doing  much  damage,  and  it  is  a  source  of  danger. 

If  a  power  is  to  be  carried  from  the  plant  near  the  tipple 
to  distant  points  underground  for  pumping,  either  com- 
pressed air  or  electricity  should  be  used,  and  not  steam. 

In  order  to  avoid  the  great  length  of  pipes  in  long  slopes 
and  reduce  the  expense  of  pumping,  it  is  best  to  bore  two 
holes  or  sink  a  shaft  from  the  surface  to  meet  the  face  of 
the  dip  workings,  and  erect  a  pumping  plant  on  the  surface 
at  that  point. 

In  this  case  power  can  also  be  transmitted  through  the 
bore-holes  or  shaft  for  use  in  pumping,  hauling,  or  coal  cut- 
ting at  distant  points  underground.  Provision  should  be 
made  in  this  case  for  supplying  the  plant  with  coal,  carried 
thereto  on  mine  or  railroad  cars,  ur  by  a  rope  tramway. 


ARRANGEMENTS     OF     SURFACE    WORKS     FOR 
SPECIAL  CONI>ITIONS. 

261 7.  In  some  instances  the  distance  between  the 
trestle  and  the  mouth  of  the  drift  or  slope  mine  may  l)e  very 
long.  In  this  case  it  will  be  fi)uncl  more  convenient  tocrect 
most  of  the  shops,  storerooms,  stables,  material  yard  and 
offices  near  the  mine  opening,  as  in  the  smfaie  arrange- 
ments at  a  drift  mine.  The  loiation  of  the  machine-;;hop 
will  depend  upon  whether  mijst  of  the  machine-work  is  inside 
the  mine  or  on  the  surface. 

If  the  slope  enters  the  hillside  under  such  conditions  that 
there  is  considerable  ground  at  the  same  elevation  as  the 
platform  of  the  tipple,  and  readily  reached  by  level  tracks, 
the  shops  may  be  erected  thereon,  and  tracks  run  to  them 
from  the  empty  tracks  on  the  tipple  platform.  The  loeali«m 
of  the  storerooms  and  material  yard  should  be  at  such  points 
as  are  most  convenient.  If  at  a  lower  level,  they  can 
be    reached    by   an    inclined    track    or    wagon    road.      This 
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arrangement  is  shown  in  I'ig.  9(iO,  wilh  a  system  of  tipple 
trarks  that  is  suitable  for  any  slope.  The  tracks,  how - 
ever,  arc  not  gravitating.  ^ 

2618.     In   Kig.  OfiO  the  mouth  of  the  slope  is  shown  ^^ 
1,  the  engine  under  the  platform  at  j.  and  the  sheaves  fckr 


Pio.  «W. 

the  ropes  at  s,  s.  The  tipple  dumps  arc  shown  at  S. 
boilers  are  shown  at  S,  ihc  compressed-air  or  electric  plan( 
at  ff,  the  supply  house  at  Ji",  ami  the  UimbLT  and  material 
yard  at  Jif;  ihcse  are  all  located  convenient  to  the  railroad. 
The  carpenter  shop  IS,  the  blacksmith  shop  JS,  and  the  ma- 
chine-shop lA  are  convenient  to  the  slope  and  at  a  suitable 
height  to  have  a  level  crack  i/  run  from  Ihem  to  the  plat- 
form.    The  luadcd  cars  froai  the  slope  are  run  over  tra< 
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o  to  the  tipple,  and  the  empty  cars  are  returned  to  the  slope 
Over  tracks  b.  The  inclined  tracks  ic  are  used  to  connect 
that  portion  of  the  plant  near  the  railroad  with  the  trestle 
and  the  buildings  on  the  hillside.  The  cars  are  hoisted  up 
the  inclines  by  a  rope  from  a  drum  in  the  machine-shop. 

This  rope  is  shown  thus . 

The  inclined  tracks  w  to  the  yard  and  buildings  at  the 
lower  level,  for  hoisting  lumber,  etc.,  can  be  arranged  near 
the  slope  and  be  operated  by  the  slope  rope  by  introducing 
sheaves,  etc.,  for  its  deflection  to  the  line  of  the  inclined 
tracks. 

The  relative  location  of  the  railroad-track  with  respect  to 
the  line  of  the  slope  may  be  such  that  it  will  require  consid- 
erable curvature  in  the  tracks  to  bring  the  coal  to  the  dump- 
ing point.  The  center  line  of  the  engine  and  that  part  of 
the  platform  supporting  the  ropes  can  be  kept  on  line 
with  the  center  line  of  the  slope,  and  from  the  sheaves  or 
the  knuckle  the  alinement  of  the  tracks  and  trestle  can  be 
given  the  necessary  curvature  to  reach  the  railroad-tracks. 
Or,  if  the  railroad-tracks  lie  beyond  the  slope  from  the 
engine,  tracks  can  be  led  to  a  tipple  by  back-switching  the 
cars  after  they  land  on  the  platform. 

261 8.  The  trestle  should  not  be  made  to  cross  the  mouth 
of  the  slope  unless  built  of  fire-proof  material,  so  as  to  avoid 
danger  in  case  of  fire.  If  the  distance  is  short  between  the 
railroad-tracks  and  the  knuckle,  the  engine  can  be  located 
and  the  tipple  and  chute  arranged  as  shown  in  Fig.  961  in 
plan  and  elevation. 

The  points  in  common  on  both  plan  and  elevation  are  the 
mouth  of  the  mine  1,  the  knuckle  2,  the  sheaves  for  deflect- 
ing the  rope  5,  and  the  tipples  4.  The  location  of  the  en- 
gine is  shown  at  5,  and  the  slack,  nut,  and  lump  coal  tracks 
are  shown  at  C,  B,  and  A,  respectively. 

The  loaded  tracks  from  the  slope  to  the  tipples  are  shown 
at  b,  b,  and  the  empty  tracks  at  a,  a.  The  inclined  tracks 
to  the  yard  are  shown  at  c,  c. 

In  some  slope  arrangements  the  grade  is  so  steep  that  it  is 
K   III.— HI 


o 


SURFACE  ARRANGEMENTS 


s 


DcoeasAnr  ti>  cmi»kiT  a  drvicc  called  a  "  dummy."  or  pLuior 

car,  for  raising  the  car.     Ihiljr  one  car  is  boiMcd  at  a  tine.  I 

ThisarraoKuncnl  will  be  cxpUincd  uzhIct  iodiocU  pUoci, 


as  it^  opcrattuo  cs  irerr  similar,  whether  ooai  be  luvercd  or 
bobtcd. 


262Ql  Thr  mtniaaiit  gr^de  o«  vbicfa  empCT  cars  wi 
rctomof  ibcir  u«-a  sr-isfat.  and  draw  tbe  rope  aih>n'£  with 
tUcfn.  de|«iMl»  npna  t^  onmbcr  of  cans  in  the  trip,  and  rc- 
sisuacce  al  the  cvctne,  and  frwrtJoo  at  ibc  tope  on  the  road- 
war,  aad  roOert. 

U»drr  cKftaim  ooarihiossK.  rmptT  car^  will  desonul  tin 
fradvcf  M.  bat  tbe  nesiskattce  nwt  »tt^  '  ^  malr^ 

,«nwi9c  to  dtfmd  npoa  tbeocdinary  tyr  -       -    i-c  hatilatrc 
for  snkdo  Wse-  than  &<.     Ev«a  with  M  {Trade,  the 
'be   HHtT'-  '    I"*iK       Thrrt? 

igaire  car-  oird  I'ani  shculd 

At  the  saiae  time-     Tbe  tripsbouid  bertaried 

1c.    "  S.T1QCtIe, 

xradc-  7*  Uf  ff.  and  for  fio\ 
<vmM  be  tbe  cradc  (or  the  bnla 
.t^  ^ratS        ■  iht-  first  l,f»l»ifi 

tbc   «t>M  ^ine  «h<MiUI  lie 

V  an  efl*dle$s  «r  tail  rope  engine. 
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Sl'HFACE   ARHANGEMENTS    AT    MIXES 
OPHNED   BY    DKIFTJS. 


ARRAXCKMKXTHON  A  MILLSIDK.  WHERE  CAPS 
CA\    U1-:    RVX    By    liUAVITV    TO    THE    TIPPLE. 

2621.  The  particular  features  wherein  a  mine  opened 
as  above  differs  from  other  niint;  openings  are: 

1.   In  the  movement  of  the  co.il  lo  ihc  nutsidc. 

This  is  done  by  a  haulaj^^c  wa.y  to  the  outlet  over  level  or 
nearly  level  roads,  for  whirh  either  mules,  endless  or  tail 
rop«  haulage,  ^Leam,  electric,  or  compressed-air  locomotives 
are  uscul 

The  haulage  may  be  in  trips  uf  from  one  to  ten  cars  with 
mules,  and  from  about  twenty  to  forty  cars  with  rope  or 
locomotives,  although  in  some  instances  mure  ears  arc  hauled. 

S,  In  the  drainage  of  the  mine,  which  seldom  requires 
the  handling  oC  water  lo  any  great  height,  as  it  will  usually 
flow  to  the  outside  by  the  gradual  fall  in  that  direciiori.  If 
It  does  not,  ihe  mine  can  be  drained  by  the  arrangement  of 
siphons,  or  of  light>{iressiire  pumi>s,  for  raising  water  to 
aokall  heights  from  local  swamps  or  dips. 

2AZ2.  The  usual  height  of  mine  openings,  opened  as 
above,  and  near  the  dumping  point,  should  be  from  2U  to  dS 
feet  above  the  railroiid-track. 

The  height  of  a  railroad-car  being  about  7  to  0  feet  above 
the  rail  requires  that  the  tipple  platlurm  be  II  to  13  feet 
above  the  railroad,  in  which  cane  no  gravity  system  of 
screening  uan  be  arranged.  In  thi»  case  the  caul  is  usually 
dumped  directly  into  the  railroad-car. 

Short  screens  can  be  arranged  with  tipples  llj  feet  high, 
but  for  perfect  screening,  either  revolving  or  shaking 
screens  wilt  have  tu  be  intruditued  (or  this  height.  Where 
the  drift  is  lower  than  the  tipptu  platform,  it  should  be  ar- 
range^l,  if  pnMible,  to  lotnie  the  tipple  and  drift  npening 
snmc  ilistancc  apart,  so  us  to  haul  the  loaded  cars  up  grade 
by  mules,   rope,  or  motors  to  the  height  desired  for  tlie 
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tipple.  If  this  is  not  possible,  and  where  the  drift  opening  is 
10  feet  or  more  below  the  tipple  platform,  an  incline 
should  be  introduced  to  raise  the  cars  to  the  tipple. 

The  height  of  the  tipple  may  be  greater  than  35  feet,  but 
it  is  preferable  to  avoid  too  long  a  chute  and  to  introduce 
special  appliances  described  farther  on;  or,  if  there  is  suffi- 
cient height,  the  mine  may  be  operated  with  a  gravity  plane. 

Where  the  coal  is  dumped  into  bins  for  coke-ovens,  the 
tipple  may  be  60  feet  above  the  railroad-tracks. 

The  short  time  and  small  outlay  necessary  in  opening  i 
drift  mine  frequently  results  in  the  location  and  arrange- 
ment of  the  surface  works  for  the  immediate  needs  of  the 
o[)cnition,  and  withouLa  view  as  to  the  possible  requirements 
of  the  future. 

2H23.  If  the  arrangements  and  their  location  are  of  a 
temporary  nature,  no  serious  drawbacks  will  be  experienced, 
as  they  can  be  readily  removed  or  altered,  if  improvement 
is    found    necessary,  with    increasing    and   more   extended 

operations. 

If,  however,  one  structure  after  another  is  added  and  en- 
largements made  to  satisfy  temporary  needs,  the  arrange- 
ment is  ajit  to  assume  a  permanent  character,  which  in  the 

usu;il  loi-;tiii.Tis  of  drift  openings,  due  to  the  limited  ground 
bctwcun  the  hillsiiie  ;in<i  the  railroad-tracks,  makes  altera- 
tiiiris  and  rcrin-aiii^vnicnt  of  the  plant  difficult.  More  es- 
pcrially  is  tliis  the  i-asc  if,  in  addition  to  the  mine  plant, 
ciiki'-Kvciis  or  I'Dal-washing  plants  have  been  erected  in  the 
ni'ii;;]i!inr!iii'n|,  ami  arc  also  to  be  enlarged. 

ThiTcforc,  line  tonsidcration  should  be  given  to  the  plan- 
niiiij,  i>f  till.'  arraiii;i'ni('ni  at  the  start,  so  as  to  early  provide 
for  future  [)i>ssibiliin-s.  It  is  important  in  this  respect  that 
thi.'  luim-  opcnitig  ho  straiy;lit  and  properly  located,  so  as  to 
farililatc  liaulajie. 

PleiUy  i>f  niw[u  sJiould  hi-  allowed  between  the  mine  outlet 
anil  tiu'  lippli;  li>r  irarksaml  sidinfjs. 

Ill  the  i-aily  opfrati'iiis,  llu'  tipple  may  be  built  on  line 
with  the  drift  wliun    thv   gniund   is   limited  between  theni. 
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but  is  sufficient  for  the  length  of  tracks  needed  at  the  open- 
ing of  the  mine. 

If  longer  tracks  are  needed  in  the  future,  it  may  be  nec- 
essary to  erect  the  tipple  at  some  distance  to  the  left  or 
right  of  the  drift,  and  carry  the  tracks  thereto,  with  curves 
at  the  outlet  and  also  at  the  tipple.  It  is  well  to  keep  in 
view  this  possible  change  in  the  arrangement,  so  that  per- 
manent structures  will  not  be  erected  on  the  ground  that 
may  be  needed  for  this  purpose,  and  so  that  shops  and 
buildings  erected  conveniently  with  respect  to  the  first  ar- 
rangement will  also  be  handy  to  any  future  improvement. 


ARRANGEMENT  OF  TRACKS. 
2624.  A  general  arrangement  of  the  surface  works  at 
a  drift  mine  is  given  in  Fig.  002.  The  tracks  from  the  out- 
let to  the  tipple  and  at  the  tipple  are  shown  developed  for 
*  system  of  rope  haulage,  and  for  a  case  where  there  is  con- 
siderable landing  room  between  the  outlet  and  the  tipple, 
which  permits  of  locating  the  haulage  engine  on  line  with 
the  drift  and  only  slightly  curving  the  tracks. 

The  tracks  may  be  made  straight  and  the  engine  room 
"Uilt  beneath  the  trestle,  or  if  the  ground  is  limited  between 
the  drift  and  the  tipple,  the  engine  could  be  located  to  one 
side  of  the  drift  and  ropes  led  thereto,  by  curving  horizon- 
tally at  sheaves  erected  at  a  proper  point. 

The  same  system  of  tracks  could  be  used  for  mule  haulage, 
although  a  complete  arrangement  of  two  tracks,  one  for 
loaded  cars  and  the  other  for  empty  cars,  would  be  suffi- 
dent  in  this  case. 

2625.  The  principal  feature  in  the  arrangement  of  the 
buildings  at  a  drift  mine  is  the  requirement  that  they  be 
generally  located  along  the  contour  of  the  hillside,  with  very 
narrow  and  long  yard  room.  In  Fig.  i)03  the  arrangement 
shows  the  buildings,  yards,  and  outside  tracks  on  a  level  with 
the  haulage  tracks  from  the  mine. 

The  boilers  and  engines  should  be  built  cither  on  a  level 
with  the  mine  or  rail  road -tracks,  as  the  extent  and  slope  of 
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for  the  mine  is  shown  at  A(.  The  coal-bins  for  the  tvc 
banks  of  coke-ovens  are  shoini  at  t8.  The  ovens  are  nurtxd 
SO  and  the  coke  wharves  £9.  At  M  is  located  a  hoisting- 
engine  to  hoist  cars  up  an  incline  from  the  drift  to  the  level 
of  the  platform  on  the  coal-bins,  if  the  topography  mikei 
such  an  arrangement  necessary.  The  weighman's  office  is 
marked  SI.    The  ropes  from  the  haulage  engines  0  to  the 

drift  mouth  are  shown  thus ■ ,as  are  also  those 

from  the  sawmill  to  the  inclined  tracks  F',  over  which  rail- 
road-cars loaded  with  supplies  can  be  raised  to  the  level  of 
the  storehouses,  yards,   and  shops.     The  steam-pipes  an 

marked 

The  mine-car  tracks  are  marked  as  follows:  a,  loaded 
tracks  from  drift  mouth  to  tipples  or  coking-coal  bins;  i, 
empty  ;racks  from  tipples  and  coal-bins  to  drift  mouth;  t, 
track  to  blacksmith-shop,  machine-shop,  sawed-lumberyard, 
etc. ;  d,  track  to  carpenter  shop  and  timber  and  rul  yard; 
r,  track  for  boiler  coal;  0,  track  for  Atck  cars  to  dump;  i, 
track  on  which  cars  of  dirty  coal  are  switched;  A,  track  for 
larries  to  coke-ovens.  The  railroad-tracks  are  marked  >s 
follows:  A,  empty  shifting  tracks;  B,  lump-coal  track;  C, 
niit-a>al  track;  D,  slack  track;  F,  material  or  supply  track, 
which  is  inclined  at  F';  G,  coke-car  loading  tracks,  and  H, 
empty  coke-car  shifting  track. 

*l^'Z7*  Conditions  may  prevail  which  make  it  most  ad- 
vantageous to  locate  the  materia)  yard,  storeroom,  etc., 
near  the  rail  road- tracks  to  avoid  delay  in  unloading  ma- 
terial, and  to  locate  the  carpenter,  blacksmith,  and  possibly 
the  machine-shop  at  the  mine  yard  level. 

Any  hauling  of  material  from  the  railroad  to  the  mine  can 
then  be  done  over  a  wagon  road  or  inclined  tracks  for  rail- 
road or  mine  cars,  as  may  be  found  convenient. 

The  stable  and  feed  room  should  be  located  at  such  a 
point  as  will  be  convenient  for  the  traveling  of  mules  to  and 
from  the  mine,  without  their  having  to  pass  over  any  haul- 
age roads  that  are  fully  occupied  with  cars  and  ropes.  This 
is  especially  the  case  if  the  ground  is  steep  back  of  the  drift 
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mouth,  and  a  roadway  can  not  be  constructed  there  from  one 
side  of  the  drift  to  the  other. 


2628.  Figs.  963  and  964  show  arrangements  of  tracks 
and  engine  where  the  space  between  the  drift  mouth  and 
the  tipple  is  limited.  Fig.  963  shows  the  engine  located  to 
one  side  of  the  drift,  and  a  device  for  storing  or  holding  empty 
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Pie.  068. 

ctrsoutside  at  a  plant  where  the  locations  of  the  drift  outlet 

ud  tipple  have  become  fixed. 

la  this  case  the  loaded  track  a  has  a  fall  of  1  ft.  in  100  ft. 
friHn  the  drift  mouth  to  the  tipple  J,  and  the  empty  track  b 
lusaBimilar  fall  from  its  junction  with  the  loaded  track  a 
to  its  junction  with  the  storage  track  c.  This  storage  track 
r  hai  a  tall  of  16  in.  per  100  ft.  away  from  the  drift  mouth 
iram  the  point  d.  By  referring  to  the  figure,  it  will  be  seen 
that  the  tail-rope  haulage  is  operated  by  the  ropes  running 
■nmnd  the  large  sheaves  S,  and  that  there  is  an  endless-rope 
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mechanism   attached    to   the   engines  by  a  friction-clutch 
which  actuates  the  endless  rope  around  sheaves  S\  by  means 
of  which  and  the  dummy  k  the  empty  trip  is  made  up. 

2029.  Fig-  Orf4  shows  a  tipple  located  at  some  distance 
and  to  one  side  of  the  line  of  the  drift,  so  as  to  provide 
necessary  length  of  tracks  outside. 

In  this  case  the  drift  mouth  is  shown  at  1,  the  tipples  at 
3,  the  tail-rope  engines  at  fl,  and  the  boilers  at  S.  The 
sheaves  around  which  the  main  ropes  run  are  marked  s,  and 
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those  arnimd  ivhirh  the  tail-ropes  run  are  marked  s'.  The 
IniuhMl  Iracks'from  thcilrift  mouth  to  the  tipples  are  marked 
ej,  t!ir  cniply  lr;i(ks/',  and  thctrack  to  the  shops  and  yardc 

Tin-  siirfa.-i'  wnrks  shmild  be  located  handy  to  the  return 
(-nipty  Inirk-s,  sn  tli;it  <ars  can  lie  switched  out  and  back 
willimit  (Tossinj;  ibc  liiadi'<l  track. 

Ill  tin'  l•;■.^^l'  of  the  tivn  diitsidc  tracks  being  the  empty 
onr>;,  as  sliinvn  in  V\\x.  !Hi'?,  cars  from  one  side  ran  be  shifted 
to  tbi-  (icsifcd  side  by  su-itcbing  around  the  tipple. 

'IVarks  for  <-o:i!  to  the  boiler  should  also  be  provided.  In 
V'vj;.  'M'ri  the  rnal  lo  the  boilers  and  the  rork  is  switched  out 
on  iIk;  ti-aik  hcuvccn  the  two  tipples,  and  the  coal  is  back- 
»:witrb<-d  lo  llic'  boilers  over  track  r. 
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SURFACE   AHRANGEMENTS    AT    A    MINE  OPEN- 
ED  BY    A    DRIFT    ON    THE    MOUNT AIN-SIDE 
ABOVE    THE    TIPPLE    LEVEL. 

2630.  The  main  features  connected  with  a  mine  opened 
above  the  level  of  the  tipple  are  in  the  arrangements  for 
lowering  the  coal  from  the  mine  outlet  to  the  dumping 
platform. 

Sometimes  the  coal  is  dumped  from  the  cars  at  a  tipple  on 
a  level  with  the  mine  outlet  into  a  long  chute  reaching  to 
the  loading  point  lielow.  The  arrangement  of  the  surface 
works  around  the  mine  outlet  in  this  case  would  be  similar 
to  thai  of  those  connected  with  a  drift  mine. 

The  use  of  a  long  chute  is,  however,  objectionable,  as  the 
coal  grinds  and  is  broken  by  the  force  with  which  it  strikes 
the  chute  and  gates. 

A  height  of  about  35  to  30  feet  above  the  tipple  tracks 
should  be  the  minimum  for  the  adoption  of  a  gravity  plane 
when  its  length  is  3()0  feet  or  more. 

If  the  height  or  the  distance  is  less  than  this,  a  trestle  or 
embankment  can  be  built  out  some  distance  towards  the  tip- 
ple, and  the  cars  or  coal  can  be  lowered  vertically  to  the  tip- 
P'e,  as  described  farther  on. 

2631.  A  general  arrangement  of  a  mine  opened  with  a 
RTavity  plane  is  shown  in  Fig.  'Mi6.  Inclined  planes  may  be 
ofangle  track  or  of  3  rails,  with  passing  points  half  way  up. 
In  Fig.  005  a  double-track  plane  is  shi>wn  branching  into 
twooutside  empty  tracks  fi,  and  a  middle  track  for  lnaded 
■^Tsa  at  the  head.  At  the  font  r)f  the  plane,  the  loaded 
•^Msland  on  the  outside-  tracks  a,  and  the  empty  cars  are 
t^n  up  from  the  middle  track-  />. 

from  one  to  six  cars  are  usiially  lowered  at  a  time.  More 
**l  be  lowered.  This  depends  considerably  upon  the  length 
"J"!  jrade  of  the  plane.  Where  planes  are  long  and  much 
™*  required  to  lower  cars,  more  are  put  in  the  trip  than 
*''«n  short  planes  are  used. 

The  arrangement  of  the  tracks  at  the  top  is  for  hanlape 
V  *  compressed-air  or  electric  locomotive,  or  if  a  long  haul 
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incic  should  be  planned  on  liie  side  convenient  U>  the  shops 
•uid  buildings.  A  turnout  can  be  planned  as  shown  for  run- 
ning out  Juaded  cars  from  the  loaded  track  to  provide cualto 
thelKiilers,  and  for  running  cars  of  rock  to  a  waiite  dump, 

Trai-ks  should  be  arranged  conveniently  to  the  stnrerooms, 
naterial  yards,  etc.,  for  running  cars  thereto  that  have 
bcfii  loaded  at  the  foot  <if  the  plane  and  hoi^tcd  to  the  top. 
Al  the  fot»t  of  the  plane  plenty  of  track  numi  should  also  be 
provided  for  the  accumulation  of  loaded  and  empty  cars. 
This  is  of  adv'antaRe  in  case  of  accident  on  the  plane,  as 
looding  can  continue  with  the  coal  that  has  collected,  and 
nuny  little  delays  may  be  thus  overcome  that  would  other- 
wise interfere  with  a  large  output. 

If  the  conditions  arc  favorable  to  planninji;  the  incline  so 
(bat  the  loaded  cars  wilt  automatically  be  discharged  at  the 
tipple  without  disconnectinR  the  rope,  it  is  of  advantage,  un- 
less the  conditions  require  the  employment  of  many  hands 
at  ihe  foot  of  the  plane. 

The  arrangement  of  the  buildings  around  the  mine  open* 
iag  shutild  he  similar  to  that  of  a  drift  mine,  except  that  the 
lipple  platform  and  tracks  should  be  removed  to  the  foot  of 
the  plane,  at  which  point  the  weighing  is  also  g^enerally 
done.  If  the  ground  is  steep,  the  yanl  r<i4im  will  he  narri)W, 
and  it  will  be  necessary  to  locate  the  buildings  in  a  line 
along  the  contour  of  the  hill.  The  engine  and  boilers  may 
be  located  on  a  lower  level,  and  the  ground  somewhat  cxca- 
raied  for  the  purpose,  or  ihcy  may  be  raised  to  the  yard 
level  with  foundation  walls.  The  boiler  room  should  be 
located  conveniently  for  the  disposal  of  ashes. 

If  many  supplies,  lumber,  and  material  are  received  by 
railriiad,  it  may  be  necessary  to  provide  a  storehouse  and 
yard  room  near  the  railrr^iad,  from  which  place  they  can  be 
moved  up  the  plane  in  empty  cars  as  time  will  permit,  un- 
less it  is  done  by  learns  over  a  wagon  toad. 

Lumber,  props,  etc.,  may  be  cut  on  the  property,  or  in 
the  neighborhood,  and  Im;  delivered  by  teams  rir  tram-road 
to  the  mine  mouth,  in  which  case  the  lumber-yard  will  be 
located  above. 
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2632.  By  rcfcrriiiK  tu  Fi^.  1>4>&.  it  wili  Im:  seen  that  cn»\ 
from  ihe  drift  /  is  taken  over  the  track  a  throuRh  Ihcwhce' 
house  .*.■>,  tintkr  ihe  <iriiins  /,  when  the  projwr  r«i[«;  is  at- 
tached, nnd  the  cars  run  down  the  gravity  plane  on  eil 
track,  hoisting  the  empty  rars  up  tlie  other.  The  drum' 
arc  controlled  hy  a  hrakcnian  in  the  stu-d  shown  at  ,14.  Fruin 
the  foot  of  the  plane/,  the  loaded  cars  arc  run  to  the  tipple 
J,  pa;j5in^  *)vcr  the  scales  ^,  by  means  of  track  a.  The 
weighing  is  done  by  the  weighman  in  his  office  if,'.  The 
empty  curs  are  returned  to  the  drift  mouth  over  tracks  h. 
Track  A,  at  the  head  of  the  plane,  is  intended  for  llieut-- 
cumulatioii  of  alHUit  two  trips  of  loaded  cars.  The  haulage 
is  accomplished  by  a  comprcsscd-air  or  electric  Itxromotive. 
which  is  housed  in  building  .?7.  Sawed  lumber  from  the 
yard  17  adjuiniiig  the  savrmill  JA'  is  transported  to  any  part 
of  the  plant  over  track  d.  Track  c,  with  its  branches, 
reacheii  the  carpenter  shop  1*!,  the  blacksmith  shop  with 
tool-rack  annex  i'l,  ihe  machine-shop  14,  locomotive  hou»e 
37,  supply  house  SO',  with  supply -clerk's  office  21,  the  iron 
and  pipe  shed  ;?■■?.  and  oil  house  3:?.  Rock  cars  are  tiiken  to 
the  rock  dump  over  tracks  <r  and  f.  Coal  for  the  boilers  is 
run  over  track  i;  which  is  continued  on  to  track  o  for  the  re- 
moval of  ashes. 

On  the  platform  at  the  head  of  ^he  plane,  at  the  poiuts 
//,  H,  arc  locks  acUialed  by  levers  to  prevent  cars  runnir^ 
to  the  head  of  the  plane.  A  plan  of  one  of  these  locks  is 
shown  on  tlic  ri^ht  of  the  plane.  On  the  plane  at  /  arc 
safety-switches  controlled  hy  the  brakcman  in  shed  <f  j.  A 
plan  of  these  switches  is  shown  on  the  left  of  the  plane.  In 
the  cveul  of  a  runaway  car,  the  brakemau  throws  a  con\'e' 
nicnt  lever,  which  removes  the  tension  from  the  rope  s.  and 
allows  the  wuiffhl  r  to  throw  the  switch  so  that  the  runaway 
car  will  bcthrowti  \>(\  tlie  plane.  At  the  fool  of  the  plane  arc 
located  n  :>man  repair-shop  3J,  to  which  crippled  cars  are 
run  over  track  ^,  a  receiving  house  for  supplies :?«',  andaiim- 
bcr  and  rail  yanl  /.'*.  The  supplies,  timber,  and  rails  arc  re- 
ceived from  railroad-cars  on  track  /',  and  arc  sent  to  any 
part  of  the  plant  over  mine-car  track  y. 
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The  fan  is  shown  at  7,  with  an  underground  connection 
with  the  traveling  and  air  way  ^6'.  The  tank  for  water- 
supply  is  shown  at  10,  with  supply  pipes run- 
ning to  various  points.  The  wash-house  is  shown  at  11,  the 
mine  office  at  12,  and  the  lamp  house  at  13.  The  com- 
pressed-air or  electric  plant  is  shown  at  8.  The  stable  25, 
wagon  and  harness  house  '^G,  and  the  hay  and  feed  store- 
house 27  are  shown  in  the  upper  left  corner  of  the  plan. 
The  powder  house  is  not  shown.  It  may  be  located  in  any 
safe  place,  1,000  feet  or  more  from  the  other  buildings. 
The  tracks  shown  by  dotted  lines  near  the  drift  mouth  are 
intended  to  show  connections  with  other  distant  productive 
openings.  In  case  the  level  ground  from  the  foot  of  the 
plane  to  the  railroad-tracks  is  not  limited,  the  tracks  to  the 
tipple  can  be  continued  straight  from  the  foot  of  the  plane, 
instead  of  deflected  as  shown  on  plan.  The  location  for  a 
coke-oven  plant  is  shown  at  30.  The  shipping  tracks  are 
similar  to  those  shown  in  previous  plans:  A  is  the  empty 
shifting  track,  B  the  lump-coal  track,  C  the  nut-coal  track, 
and  i?  the  slack  track. 

2633.  A  circular  saw  will  not  be  needed  if  timber  is 
'leJivered  ready  cut.  If  lumber  is  to  be  cut  from  standing 
timber,  it  may  be  necessary  to  erect  the  sawmill  at  some 
distance  from  the  mine.  In  some  mines  opened  with  gravity 
planes,  the  requirements  for  the  operations  are  so  few  and 
simple  that  most  of  the  buildings  are  located  at  the  foot  of 
the  plane,  a  blacksmith  shop  and  a  few  supplies  being  lo- 
cated at  the  top.  The  mule  stables  are  sometimes  located 
at  the  foot  of  the  plane. 

In  the  event  of  all  the  buildings  being  erected  below,  and 
it  is  desired  to  erect  a  ropc-haulagc  plant,  it  may  be  placed 
at  the  foot  of  the  plane,  and  the  ropes  be  led  up  to  and  into 
the  mine  opening.  If  the  haulage  is  to  be  done  by  loco- 
motives, and  there  is  other  machinery  needing  attention 
and  repairs,  the  surface  buil<Hngs  an;  nmre  conveniently 
arranged  around  the  top  of  the  plane 
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2034.    Where  the  hillside  is  very  steep,  the  c;»rs  of  co»* 
can  not  be  run  on  the  inclint'd  track  nf  the  plane,  as  som^ 
of  the  coal  would  spill  out  wf  the  car.     It  depends  upon  ho" 
full  the  cars  are  loaded  as  to  what  will  be  the  maximum  in*- 
clination    they  will  run  on  wilhout  spilling.     Cars  loadc^l 
above  the  top  should  not  be  run  on  an  inclination  of  tnucl 
over  15".     Cars  loaded  level  full  may  be  run  on  an  inclina- 
tion of  20"  for  short  distances,  but  for  these  and  steeper 


Fig.  BM. 

grades  a  device  known  as  a  dummy,  or  platform  car, 
used,  on  which  the  rani  arc  lowered.  This  is  shown  in  plan"* 
and  profile  in  Fig.  ',)G6.  In  consists  of  an  inclined  irutk  A, 
built  on  the  same  angle  as  the  plane.  The  car  rests  level  on 
this  in  its  mnvcmeiil  nn  the  plane.  The  arrungemcnl  ()f  the 
tracks  for  handling  the  loaded  and  empty  cars  on  and  off 
the  dummy  is  shown  in  tbc  same  figure.     At  the  top  it  is 
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i^tcessary  to  first  remove  the  empty  car  before  running  the 
■Oaded  cur  un.  The  kfading  al  each  aide  uf  the  phme  i»  (lone 
At  separate  opposite  landini(». 

The  dummy  tracks  are  made  t<»  crnnverjje  alter  passing 

"je  mid-point  of  the  plane  /I,  so  thaL  at  the  {i»ot  i>f  the  plane 

ibcy  have  the  same  landing,  and  the  empty  cars  an:  jtiished 

on  the  dummy  as  the  InadctI  cars  arc  pushed  off.     This  is 

done  by  having  the  two  inclined  tracks  come  together  at  the 

fool  of  the  incline  without  pas»in);  switch  rails,  hul  so  that 

their  centers  are  about  '1  inches  apart.    Thi-s  necessitates  that 

the  platform  of  one  dummy  extend  4  inches  farther  towards 

the  landing  on  the  loaded  side  below  than  that  of  the  other 

dummy.     The  outside  rails  of  the  dummy  tracks  must  he 

slightly  elevated  after  passing  the  mtd-point  of  the  plane. 

If  there  is  sufficient  room  above  and  below,  the  mint-cars 
can  be  run  on  and  off  the  dummy  in  the  same  direction  as 
the  plane,  that  is,  by  tracks  at  right  angles  to  those  shown 
in  Fig.  !ittii,  so  lh.it  the  amount  of  back-switching  will  not 
be  so  great  above. 

It  will  not  be  possible  in  this  case  to  remove  the  londcd 
cars  at  the  foot  of  the  plane  from  one  side  and  place  the 
empty  card  on  from  the  other. 


2635>  In  the  plan  shnwti  in  Fig.  9Bfi.  the  mouth  of  tho 
mine  ib  shown  at  1,  with  tracks  fur  loaded  cars  it  and  empty 
cars  6  leading  to  and  from  the  head  of  the  plane.  The 
drum»,  shown  in  prolile  at  /,  arc  not  shown  on  the  plan,  as 
they  arc  under  the  platform.  The  fan  "  i»  shown  in  con- 
nection with  the  airway  and  traveling  v/ayS*!.  On  the  plane 
the  dummies,  or  platform  trucks,  are  shown  at  /I,  -^,  and 
the  middle  pcint  of  the  plant-  where  the  tracks  begin  to  con- 
verge  is  shown  at  //.  The  tipple  3  is  shown  to  the  left  of 
the  foot  of  the  plane,  with  hxided  tracks  a  and  empty  tracks 
*.  The  air-eum pressing  or  electric  |>lanl  in  ahown  at  ^,  with 
the  boilers  S  adjoining.  The  stable  2S  and  feed  house  S7 
are  shown  on  the  same  side  of  the  tracks  .is  the  boilers.  On 
the  other  side  of  the  tracks;  are  shown  the  machine-shnp  /.(, 
black&mitb  shop  16,  carpenter  shop  16,  material  yard  18,  and 
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supply  house  i^O,  all  reached  by  mine-car  track  r.     In  th* 
prolile    the   drift  luoiith    is  ahuw-ii    at  I,  the  drums,  iindel 
platfurm,  at  /,  oi^c  dummy  A  at  the  tup  landing  and  ibe 
other  in  the  pit  at  the  bottmn, 

26SH.     In    Fi};.    Oi>7   is   shown  a   device,    known   as 
barney,  for  towering  loaded  and  raisin};  empty  carswilh* 
out  altachinif  a  rope  to  the  cars. 

The  banicy  W  is  a  truck  runninj;;  <>n  a  narrow  track 
between  each  of  the  inclined  tracks.  A  larj^e  tintbvr  forios 
the  body  of  this  truck,  and  Ihe  ends  of  the  ropes  are  at- 
tached to  a  Ixirney  on  each  track.     A  loaded  car  is  pushed 
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against  the  barney  at  the  top,  which  has  landed  at  thff 
knuckle,  and  the  weight    of    the  car  against    the    barney 
causes  both  to  move  down  the  plane,  and  the  spc«d  is  regi^H 
lated  by  the  brake  on  the  drums  /.     As  they  descend,  a  car^ 
is  moved  up  the  plane  on  the  other  track  with  the  barney 
behind  it.  ^M 

When  the  car  and  barney  reach  the  bottom  of  the  plane,^^ 
the  barney  goes  beneath  the  level  of  the  other  track  into  a 
pit  /',  allowing  the  loaded  car  t*i  pass  over  it.     The  bamei 
remains  in  the  pit  to  be  dmwn  up  behind  the  next  empt 
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car  when  it  is  pushed  in  front  of  it.  This  arrangement 
avoids  delay  in  coupling  and  uncoupling  the  rope  from 
the  car. 

If  the  mine-car  must.be  moved  some  distance  after  reach- 
ing the  bottom  of  the  plane,  this  arrangement  is  of  advan- 
tage, as  with  its  momentum,  after  being  released  by  the 
barney,  it  will  run  several  hundred  feet  on  a  level.  In  this 
arrangement  a  counterweight  should  be  caught  up  by  the 
barney  landing  at  the  top  of  the  plane,  to  check  its 
momentum. 


2637.     If  it  is  desired  to  lay  a  3-rail  inclined  plane,  on 
account  of  length  or  the  cost  of  construction  of  wide  em- 
Ijankments,    or    on 
account  of  the  ar- 
rangement of  land- 
'igs  at  the  top  or 
"Ottom,  such  a  plan 
Can  be  used  as  is 
*'»Own  in  Fig.  968, 
*'iich  also  shows  a 
^■ystem  of  tracks  at 
**e  bottom,  where 
^e  cars  arrive  and 
Z^  part  in  trips. 
*■  llis  operates  as  fol- 
'^■Ws: 

When  the  weight 
'^t*  the  switch-stand 
*^  is  placed  at  A, 
*-^e  loaded  cars  are 
lowered  to    the    si- 
ting tr,  and  the 
empty  cars  arcj 
taken  up  the  plane  " 
from  the  siding  F, 
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while  a  trip  of  empty  cars  is  coming  in  at  the  siding  E. 
When  the  weight  is  at  B  on  the  switch-stand,  the  loaded 
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cars  arc  lowered  to  the  siding  y>  and  empty  cars  arc  taken  i^* 
from  the  siding  A,  while  a  trip  of  empty  cars  is  coming  in  "^ 
the  siding /•".  In  Fig.  Jifis  the  knuckle  at  the  head  of  if^^' 
plane  is  shi>wii  at  4,  the  mid-distance  and  divcrgenct  ^ 
rails  into  double  track  is  shown  at  3,  the  scales  arc  shown  tf^ 
ff,  and  the  tipple  at  S. 


LENCTH  AXD  GRA1>R8  FOR   INCLINED  PLANE^** 

2«;W.  For  lengths  up  to  800  ft.  the  grades  should  nc^  ^ 
he  less  ihau  5^  for  a  weight  of  8,iM»0  lb.  in  the  descendin,^^ 
and  2,800  lb.  in  ihc  asccnrling  load,  or  5^i  for  4,000  lb.  d^ 
sceiiding  and  1,400  lb.  ascending  load. 

For  planes  from  5V0  to  a.OOO  ft.  the  grades  should  W  fr 
6jS  lo  10#,  depending  upon  the  loads.     For  a  plane  2.000  ft  -— ] 
long  and  lu<(  grade,  4,0()Q  lb.  dc&ceodiug  load  will  hotst 
1,401)  lb.  empty  car. 

There  are  instances  in  which  25  and  30  loaded  cars  wil 
descend  a  ^i^  grade,  but  where  planes  are  tighter  than  5;l 
grade  the  empty  car^  will  usually  have  lo  Ite  hoisted  on  a 
plane  operated  by  an  engine,  in  which  case  ihc  tracks  ca 
be  single  or  double. 

An  inclined  plane  should  he  Klightly  concave  in  profile, 
and  steeper  al  the  top  than  at  the  bottom,  except  where  .i 
dummy  is  used,  which  necessitate:*  that  the  grade  he  con< 
tinuoiisly  the  same  on  account  ■>f  the  dummy  Ix-ing  huilt 
only  for  one  angle  uf  inclination,  and  it  Lhervforc  can  not 
operated  on  a  plane  with  much  variation  in  inclination. 
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COAL-HANDLING  APPLIANCES  WHERE  PLANES 
CAN   NOT   BE  USED. 

26tt9.     The  height  for  a  tipple  above  the  railroad-tracks 

hits  been  given  at  '^0  to  ;;.5  feet,  although  it  may  bt  a  few 
feet  higher  if  the  coal  is  hard  enough  and  the  screens  arc 
suitably  arranged. 

Where  the  coal  outcrops  on  the  hillsideat  a  greater  eleva- 
tion thaii  (Ills  and  up  to  4fi  or  05  feel  above  the' railroad- 
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tracks,  the  mine  should  be  opened,  if  possible,  at  some 
distance  from  the  location  for  the  tipple,  so  that  the  cars 
can  be  brought  from  the  mine  outlet  over  a  tram-road  500  to 
1,500  feet  long,  with  a  1^  or  2^  down  grade  to  the  tipple 
landing. 

If  this  plan  is  not  feasible,  and  if,  as  mentioned  under 
Gravity  Planes,  the  distance,  the  height,  and  the  length  of 
plane  are  not  sufficient  to  warrant  the  construction  of  the 
tatter,  then  the  following  devices  should  be  used  for  hand* 
ling  the  coal  to  the  tipple  : 

204rO.  Fig.  %i)  shows  an  arrangement  suitable  in  case 
either  the  elevation  is  insufficient  to  warrant  an  inclined 
plane,  or  the  hillside  is  too  steep  to  permit  of  its  construc- 
tion, even  if  there  is  sufficient  height.  This  consists  of  one 
or  two  baskets  A,  operating  vertically  in  guides  B  between 
the  upper  and  the  lower  landing.  The  arrangement  is  sim- 
ilar to  that  of  a  shaft  hoist,  but  simpler,  as  the  descending 
load  furnishes  the  operating  power. 

The  coal  is  dumped  into  the  basket  from  the  mine-car  at 
the  upper  landing.  This  weight  then  causes  the  descent  of 
the  basket  and  load,  whi<-b  is  siispcnded  by  a  rope  led  by 
an  overhead  pulley  C  to  a  drum  />,  with  a  brake  /:  for  con- 
trolling the  descent.  The  descent  of  the  basket  and  load 
raises  either  a  counterweight  or  a  second  empty  basket. 
When  the  basket  reaches  the  lower  landing,  which  corre- 
sponds to  the  tipple  laiulinif,  a  front  gate  to  the  basket  /*'  is 
opened,  and  the  load  is  dumped  automatically  into  a  chute 
G  provided  with  screens.  The  basket  then  rights  itself  as 
the  brake  is  released,  and  the  empty  basket  is  caused  to  as- 
cend by  the  descent  of  the  counterweight,  or  a  second  bas- 
ket with  its  load.  This  device  requires  few  hands  at  the 
lower  landing,  and  is  suitable  where  the  coal  is  not  seriously 
injured  in  dumping. 

The  automatic  device  for  opening  the  front  gate  of  the 
basket  consists  of  a  hooked  bar  //attached  to  a  pivoted  bar 
/,  which  is  balanced  and  held  in  position  by  the  weight  IV. 
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If  the  coal  is  soft,  instead  of  dumping  into  a  basket  at  the 
tipple  landing,  the  car  of  coal  should  be  lowered  by  a  device, 
shown  in  Fig,  970,  to  the  tracks  of  the  tipple  landing,  and 
from  there  run  to  the  chutes  for  dumping, 

2641.  In  Fig,  970  the  loaded  cars  are  run  onto  the 
cage  A,  and  the  empty  cars  at  the  tipple  level  are  run  onto 
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the  cage  B.  By  means  of  the  brake  drum  />,  the  loaded 
cage  A  13  lowered  down  one  side  of  the  vertical  hoist  C,  and 
its  weight  raises  eajje  />  to  the  top. 

These  devices  arc  best  adapted  where  the  height  of  the 
upper  landing  is  at  least  '^0  Id  ltd  feet  above  the  tipple  land- 
ing, and  may  he  used  for  greater  heiyht;  although,  if  the 
elevation  much  exceeds  511  or  *il)  feet  above  the  lower  land- 
ing, or  70  to  ¥-^  feel  above  the  railrtKid-tracks,  even  on  a 
steep  hillside,  it  will  be  found  preferable  lo  introduce  an  in- 
clined plane  operated  with  a  dummy. 
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ARRANGEMENT    OF    TIPPLE   STRUC- 
TURE AND  FITTINGS. 


OPERATIONS    AT    THE   TIPPLE. 

2642.  The  cars  of  coal  from  either  a  shaft,  slope,  drift, 
or  gravity-plane  mine,  after  being  run  over  tracks  more  oi 
less  long,  are  delivered  at  a  tipple,  where  the  coal  is  dumped 
into  a  chute,  with  or  without  screen  bars,  or  into  a  bin. 
The  loading  into  railroad-cars  or  other  means  of  transporta- 
tion may  be  controlled  by  gates  in  the  chute,  or  baskets, 
which  check  the  force  of  the  coal  as  it  descends  the  chute, 
and  lower  it  gently  into  the  cars,  thus  reducing  breakage. 

The  weighing  may  be  done  either  before  the  mine-car  is 
dumped  on  the  platform  or  after  it  has  been  screened,  and 
the  lump  coal  held  in  a  basket  connected  with  scales;  or  it 
may  be  weighed  in  the  rail  road -cars. 

It  may  also  be  necessary  to  provide  facilities  in  the  tipple 
to  clean  the  coal  by  picking  out  the  slate  from  the  lump 
coal  or  screenings,  or  both. 

If  there  are  cars  of  rock  from  the  mine  to  be  unloaded  out- 
side, tracks  may  be  necessary  at  the  tipple  to  run  these 
cars  to  waste  dumps,  or  else  to  a  chute  for  loading  into  rail- 
road-cars, to  be  carried  away  as  waste. 

2643.  The  arrangement  of  the  fittings  and  devices  in 
the  tipple  structure  can  best  be  described  under  the  follow- 
ing operations  at  the  tipple: 

1.  Dumping  coal  from  the  mine-cars. 

■i.  Chuting  the  coal, 

'.).  Screening  coal. 

4.  Loading  into  railroad-cars. 

5.  Weighing. 

C.  Cleaning  coal. 
7.  Handling  of  rock. 


DUMPIIVG. 

2644.  Dumping  may  be  done  in  tipples  of  three  classes, 
VIZ.,  in  push-back  tips,  in  revolving  or  oscillating  cradles,  or 
in  cross-over  tips. 
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2ti45>  Fig.  liTl  shows  an  oriliiiury  form  of  tipple  iir" 
which  the  car  of  coal  is  run  to  the  tipple  horns,  and  alter* 
being  dumped  it  is  pushed  back  t"  a  switch  Iwforc  the  ncxt3 
load  can  be  moved  to  the  tipple.  The  axle  .■/  on  which  lh«! 
tipple  horns  Ji,  Ji  turn  i«  slightly  back  of  the  center  of^ 
gravity  of  the  loaded  car,  so  that  the  force  with  which  the 
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load  duinpH  is  sufficient  to  rai&c  a  cmintcrwciRht  IV ai  the 
rear  of  the  tipple.  As  this  raises  ,ind  the  car  dumps,  a 
brake  C  is  applied  by  fniot  or  hand  to  hold  the  counterweiKht 
and  tipple  in  position  until  the  car  is  empty. 

The  brake  is  then  released,  and  as  the  position  of  the  cen- 
ter tif  gravity  of  the  empty  car  and  raised  counterweight 
is  then  back  of  the  tipple  axle,  the  weight  nf  the  counter- 
balance retiirn»  the  empty  car  and  tipple  horns  to  a  lew] 
position.  ^ 

2(t46.  Pig-  072  shows  a  similar  tipple  provided  with 
buffer  spring:8  .V,  .S'.  which  take  up  the  jar  caused  by  the 
wheels  of  the  loaded  car  striking  the  horns  fi,  B.  This  is 
known  as  the  PhiUip-;  automatic  pusth-back  ear  tip.  The 
recoil  of  the  s])riiigs  checking  the  loaded  cars  serves  to  push 
back  the  empty  c;ir.  after  it  is  dumped,  through  the  medium 
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*'f  the  arms  C,  C,  against  wJiich  the  wheels  strike.  Some- 
''tTiet;  ihe  axle  on  which  thi*  1ii)[>te  turns  is  elevaied  so  as  to 
"c  ,11  a  point  a  little  Inwer  iliaii  Che  center  of  gravity  of  ilie 


car  when  loaded,  and  a  little  above  it  when  dumped.     This 
does  not  n'*«;tjsiiatf  the  use  of  cuuiiterweighls. 


Ki;VOt,VI»0  l>K  fWICtLLATI»fi   TIPH.  OM  CMADI.IIH. 

2047.  Tlicse  ni;iy  make  a  full  revolution  nr  |iiirt  of  a 
revolution  and  return.  They  may  turn  cither  in  the  dircc* 
tion  of  the  tipple  or  at  right  angles  to  it.  Fig.  '.t;3  shows  a 
usual  form  of  this  class.  The  door  A,  shown  on  the  top  of 
the  tip,  or  cradle,  is  for  a  special  rasi?  in  releasing  vt^ry  soft 
coal  to  reduce  breakage  in  handling.  By  referring  ui  Fig. 
9*3,  it  will  be  seen  that  the  tnitie-ear  is  run  inio  a  bnx-like 
arrangement  which  revolves  on  the  axle*  C^  so  set  that  the 
center  of  gravity  u£  ihe  loaded  car  is  above  the  axles.  The 
overturning  of  the  box  is  regulated  by  the  brake. wheel  /f, 
assisted  by  ihe  counterweight  W.  When  the  eoal  has  Ireen 
dumped  into  the  chtiic  D  and  the  brake-wheel  has  been  re- 
leased, the  dump  rights  itself  automatically.  Cars  dumped 
in  this  style  of  cradle  do  not  need  end  gates. 

The  system  of  tracks  where  tipples  like  those  already 
mentioned  are  used  may  be  .similar  in  any  of  the  arrange- 
ments already  shown  for  shaft,  slope,  drift,  or  gravity-i>lane 
mines.  These  plans  are  interchangeable  for  mines  opentxl 
either  way,  according  to  the  conditions  and  requirements. 

As  time  is  required  in  pushing  hack  an  empty  car  from 
the  tipple  before  another  loaded  car  can  be  pushed  there,  it 
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is  necessary,  if  speed  is  desired,  in  provide  Iwn  tipple  horns, 
fed  by  od«  or  two  loaded  tracks,  and  an  empty  track, 


that  the  empty  car  can  be   quickly  moved   onto  it  after 
dumpings,  to  make  room  for  the  next  loaded  car. 


CROBS-OVr.U  TII*S. 

2046.  In  tipplei  of  this  class,  ihe  cars  of  coal  after  he- 
ing  dumjied  [inss  hcyond  the  tipple  r>vcr  rails  tipannilif;  the 
dtiiiip  hnlt!  to  ail  empty  track  and  return  t(»  the  mine  by  a. 
switchback,  or  by  making  a  full  or  half  circuit. 

The  arrangement  tif  the  tracks  for  these  tipples  is  difTcn 
cnt  from  that  of  the  push-hack  or  the  revolving  type. 
GeneruUy,  one  tipple  of  this  kind  ia  sufHcicnt,  requiring  but 
one  loaded  and  one  empty  track. 

2649.     In  Fig.  074  is  shown  an  arrangement  of  tracks] 
for  cross-over  tips.     The  profile  at  the  top  shows  thai  the" 
loaded  cars  approach  the  dump  U  by  gravity  over  a    l.i;»l)( 
grade,  and  the  empty  cars  leave  the  dump  on  atl.'Ui^  grade 
for  a  short  distance.     They  then  run  to  thcend  of  the  tipple 


I 
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platform  over  a  level  track,  till,  near  the  end,  they  run  part 
way  up  a  short  incline  U.  Running  back  down  this,  they 
cross  the  spring  switch  /",  shown  on  plan,  and  run  down  a  \% 
g^-ade  to  the  foot  of  an  endless-chain  hoist  (7,  which  is  run  by 
the  engine  H.  This  hoist  raises  the  empty  cars  to  a  suflicient 
height  to  allow  them  to  run  by  gravity  to  the  collecting 
point  for  empty  trips.  Crippled  cars  are  passed  by  means 
of  switch  /to  track y.  Rock  cars  arc  run  to  a  dump  over 
track  K  and  are  returned  from  the  dump  over  track  L. 
The  sprocket-chain  used  on  the  hoist  G  is  supported  on  the 
plane  by  a  bar  of  flat  iron,  over  which  it  slides.  The  lugs  / 
on  the  sprocket-chain  move  the  car  by  engaging  with  a 
block  bolted  to  the  car,  back  of  the  axle.  The  stops  &  are 
pressed  down  by  the  bumpers  of  the  car  as  it  moves  up  the 
plane.  When  released,  they  prevent  cars  running  down 
the  plane. 

2650.  The  principal  tipples  of  this  class  are  the  Mitch- 
ell, the  Wilson,  and  the  Phillips.  In  these  the  loaded  car 
comes  to  the  tipple  by  gravity  and  is  stopped  by  the  horns 
of  the  car  tip.  Buffer  springs  may  be  provided  at  the  horns 
or  elsewhere  to  take  up  the  jar  caused  by  the  speed  of  the 
loaded  car.  The  tip  brake  A  is  then  released  and  the  con- 
tents of  the  car  is  dumped  into  the  chute.  A  counter- 
weight is  raised  as  in  ordinary  tipples,  the  brake  is  applied, 
holding  it  up  and  the  car  in  iwsition  until  the  car  is  empty. 
The  brake  is  then  released,  and  the  car  drops  back  to  a  level 
position  while  controlled  by  the  brake. 

The  empty  car  remains  in  this  position  while  a  loaded  car 
moves  towards  it.  The  wheels  of  the  loaded  car  depress  a 
tread  rail  B,  which  ()pcrateR  a  system  of  levers,  causing 
the  tipple  horns  to  spread  out,  or  turn  down  and  outwards, 
so  as  to  clear  and  release  the  empty  car,  which  runs  by 
gravity  off  of  the  inclined  track  of  the  tipple  and  passes  the 
horns  before  the  rear  wheels  of  the  loaded  car  leave  the 
tread  rails  of  the  horn  spreader. 

As  the  rear  wheels  of  the  loaded  car  clear  the  tread  rail, 
springs  cause  the  horns  ti>  i-ome  back  to  their  first  position 
to  check  the  loaded  car. 
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The  empty  car  crosses  the  dump  hole  on  hinged  rails  C 
attached  to  the  end  of  level  rails  at  the  tipple  horns.  The 
olher  ends  of  the  hinged  rails  are  free  to  slide  when  the  car 
is  being  dumped,  but  making  a  butt  joint  with  the  perma- 
nent track  beyond  the  dump  hole  for  the  passage  of  the 
empty  car  when  released  from  the  tipple.  The  rails  are 
about  8  feet  long. 

The  lengLli  nf  the  tipple  rails  is  about  11  feet,  and  the 
rail  spreader  about  4  feet  long,  though  this  length  wilt  var)', 
depending  upon  the  length  of  the  car. 

The  tread  rail  and  horn  spreaders,  with  their  levers,  are 
connected  with  the  rails  of  the  tipple,  and  raise  with  them 
when  the  car  is  being  dumped. 

2651.  The  Mitchell  tipple  is  shown  in  outline  in  Fig. 
974.  The  horns  spread  out  by  the  passing  of  the  mine-car 
over  the  tread  rail.  If  cars  are  very  wide,  the  hinge  rails, 
instead  of  being  attached  to  the  end  of  the  level  rails  of  the 
tipple,  are  caused  to  spread  outwards  by  levers  and  clear 
the  width  of  the  car. 

2652.  The  Wilson  tipple  is  shown  in  Fig.  075.     In  this 


Fig.  B75. 
tipjiU-    (lie    s])r;-:Hling    of    the    horns    B,  B  is    accomplished 
s<)nii'wh;it    dili'cri'ntly.      ITi-rc   the   bumpers   and  bottom  of 
tin-  (Ml  iicpri'ss  a  lover  .  /  rnnnecled  with  the  horn  spreaders. 
Tin;   ap]iroacliing    loads   are    checked  by  a   second   set  pf 
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smaller  hornH  C,  (Tback  of  Ihe  tipple,  opened  by  a  lever  D, 
and  held  oi»cn  by  the  car  passing  over  a  tread  rail  long 
enough  lo  ]>crmil  the  passage  of  tlic  car  before  tlify  close. 

2^53.  Fig.  970  sbows  the  Phillips  aiitomalic  cntss-over 
lip.  In  this  tip  the  horns  ,1,  A  roll  omwardly,  releasing 
the  empty  car  by  the  passing  of  the  loaded  car  over  the 
tread  rail,  which  operates  the  horns  by  a  chain  If  working 
a  system  nf  levers. 

The  horns  are  pivoted  in  wrought  journaUboxes.  The 
axles  Con  which  the  horns  roll  out  extend  some  distance 


back  4tong'  the  outside  of  the  rails  of  the  tippilc,  and  their 
rear  ends  are  provided  with  special  spring  D  to  take  tip  the 
jar  cau&ed  by  the  loaded  ear  striking  the  horns. 


CHUTIXG. 

265-'t>  The  coal  is  dumped  into  a  chtile  which  is  made 
either  short  or  long,  as  the  tipple  is  at  a  small  or  a  consid- 
erable height  above  the  loading  point. 

Chutes  arc  from  -1  to  5  feet  wide,  with  sideboards  1  lo  'A 
feet  high,  supported  between  the  posts  of  the  bents  forming, 
the  trestle  supporting  the  tipple  struoturc  and   platform. 
The  chuie  bottoms  are  covered  with  ^j  ineh  to  |  inch  sheet 
iron  or  steel. 

The  angle  of  the  chute  required  for  the  proper  movement 
of  the  coal  upon  an  iron  or  steel  surface  will  vary  from  %(i° 
to  80",  depending  upon  whether  the  coal  is  in  lumps  and 
dry,  or  whether  the  mine-ruo  coal  contains  much  line  coal. 
For  small  sercenings  the  angle  will  vary  from  iO"  to  33% 
and  jwssibly  more  if  they  arc  wet. 

It  is  desirable  lu  have  tht;  chute  rigged  to  a  windlass  for 
regulating  its  angle,  if  there  i&  much  variation  in  these 
respects. 
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The  chute  at  the  loading  point  should  be  3  or  3  feet  above 
the  railroad-car.  By  drawing  a  line  from  this  point  on  the 
angle  of  the  chute  (29°),  its  intersection  with  elevation  of  the 
tipple  platform  will  determine  the  location  for  the  tipple.  The 
center  of  the  car  tip  should  be  located  from  3  to  5  feet  in 
advance  of  this  point,  so  that  when  the  car  is  dumped  there 
will  be  a  drop  of  1  to  2  feet  from  the  car  to  the  chute,  so 
that  all  the  coal  will  run  rapidly  out  of  the  car. 

A  chute  may  be  of  very  simple  construction  and  have  no 
provisions  for  screenings, weighing,  or  regulating  the  loading, 
unless  it  be  an  iron  apron,  or  gates,  to  hold  the  coal  back 
while  shifting  railroad-cars  into  position  for  loading. 

If  only  screening  is  necessary,  screen  bars  may  introduced 
in  a  chute  of  wooden  frame.  If  special  arrangements  for 
weighing  and  loading  are  necessary,  a  chute  of  all  iron  or 
steel  is  preferable,  although  in  some  cases  part  iron  and 
part  wood  chutes  are  used. 


SCREENING. 
2655.     The  usual  sizes  of  coal  produced  are  known  as 

lump,  nut,  pea,  and  slack.  Although  nut  coal  has  been 
known  to  be  from  }  inch  to  X*.J  inches  in  size,  and  pea  coal 
from  J-  inch  tu  J  iiicli,  tlic  following  sizes  are  now  the  standard: 

Lump. — -Ali  coid  passing  over  1^-inch  screens. 

Nut. — All  coal  passing  through  lA-inch  openings  and  uvtr 
j-inch  <.>penings. 

Pea. — -VU  cujil  passing  through  J-inch  openings  and  over 
^-ini.-]i  openings. 

Sl.iuk. — All  cual  passing  through  ^-inch  openings. 

2ttS0.  1-oni;-  and  flat  coal  may  pass  intii  these  sizes  tliat 
will  ]\c  larger  than  the  sizes  indicated,  and  some  small  coal 
may  a^i  with  Lhe  larger  coal  when  the  coal  has  not  been 
thonmtihly  sireened. 

The  scri-cniii^^  may  be  done  over  (1)  flat  bar  screens,  (2) 
over  revoh'iiii;  or  shaking;  screens. 

The  former  are  i^riiiTally  used,  and  the  coal  is  screened 
as  il  moves  by  gravity  over  ihe  bars. 


§24 


OP  BITUMINOUS  MINES. 


71 


The  latter  methods  require  power  to  operate  the  screens 
for  the  movement  of  the  coal  over  their  surface.  If,  how- 
ever, there  is  not  sufficient  elevation  between  the  railroad- 
tracks  and  the  tipple  platform,  or  if  the  amount  of  screen- 
ings is  very  large  and  perfect  screening  is  a  matter  of 
iniportance,  their  use  is  necessary. 

2657.  The  standard  sections  and  spacing  of  flat  screen 
bars  are  shown  in  Fig.  977-  A  shows  diamond-shaped  lump- 
coal  screen  bars,  and  B  shows  another  form  of  lump-coal 

vi-.   -ii" 

iir--i{^—: 


FlO.  977, 

screen  bars.  C  shows  nut-coal  screen  bars  and  D  pea-coal 
screen  bars,  E  shows  a  cross-section  of  a  lump-coal  screen. 
For  lump-coal  screens,  the  screen  bearing  bars  are  J  inch 
thick  by  4  inches  deep,  and  for  nut  and  pea  coal  the  screen 
bearing  bars  are  J  inch  thick  by  ;)J^  inches  deep. 

These  bars  are  spaced  in  standard  screen  frames  or  chutes 
5  feet  wide  and  13  feet  long,  with  steel  sides  8  to  16  inches 
high.  The  frames  for  the  smaller  screenings  are  sometimes 
shorter  than  this. 

Screen  bearing  bars  J'  x  4' and  S'  X  3^',  notched  to  receive 
the  bars,  run  across  the  under  side  of  the  frame  about  3  feet 
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apart;  ihcir  outer  enJa  arc  hclJ  by  a  slirrup  on  the  luwcf" 
cud  of  a  Itoll  which  pierces  ihu  upper  [lun^e  of  the  8ide&<<( 
the  chute  frame,  wherv  it  is  secured  by  a  nut  drawing  tti 
bearing  bars  up  HkIu  ajiainst  the  frame. 

Thescreen  frames  have  a  sheet  of  steel  about  J-  inch  thick. 
1  foot  wide,  running  iicross  the  ends  of  the  frame.  BeloW 
these  arc  cross  timbers  to  which  the  plates  arc  bolted,  girt, 
ing  rigidity  to  thi;  frame. 

The  ends  of  tltc  screen  bars  are  cut  down  so  that  at  the 
upper  and  lower  ends  ihcy  lap  under  these  end  steel  plai^si^ 
flush  with  their  surface,  which  prevents  their  rising  out  of 
their  beariijg.s. 

265K.  The  Arrangement  of  the  screens,  Kenerally  one 
below  ihe  other,  is  shown  in  I'ijf.  !)74  at  M.  There  will  be 
1  to  3  screen  frames,  according  as  2  to  4  sizes  are  to  be 
prmltirtd. 

The  lump  screen,  at  the  upper  end,  has  steel  plate  (or  a 
length  of  4  feet,  which  receives  the  blow  of  the  coal  as  it  is 
dumped,  allowing  it  in  spread  before  it  passes  over  the 
IS-f'joi  length  fif  screen  bars. 

The  screens  ,t/^are  supported  by  rods  A*  to  the  upper  plat- 
form, provided  with  turnburklcs  O  for  adjusting  the  aiijfle 
of  the  chute,  whirh  may  vary  slightly  with  different  coals. 

To  the  end  of  the  screen  framt:s  arc  joined  steel  chute 
frames  vt  the  same  width  as  the  screens,  but  with  shect- 
stecl  bottoms  to  lead  the  coal  to  the  points  where  it  is  to 
be  loaded  on  r:iiIroad-cars,  or  to  Loading  ba^ikels  P. 

The  chutes  are  provided  with  fly  doors  K,  or  gates,  by 
which  the  sizes  can  be  turned  from  one  loading  point  to 
another,  and  produce  either  various  mixtures  or  separations 
of  the  sizes,  according  to  rcquiremeats. 


2Afi9.  The  coal  from  the  Kcreens  and  clmtcs  may  be 
either  run  into  bins  over  the  railroad -tracks  and  held  there 
for  loading,  :is  needed,  or  it  may  lie  loaded  directly  tnlo 
rail  road -cars,  its  flow  being  regulated  or  checked  by  gates, 
loading  baskets,  etc. 
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Generally,  where  coal  is  shiiiped,  the  storage  capacity  of 
tKcbins  is  nnt  large,  and  scr^'cs  only  for  huldtiit;  screenings, 
in  case  uE  short  delays  during:  the  day's  work,  as  in  Ibe 
supply  of  railroad-cars,  <ir  while  shifting  them. 

If  eoal  is  to  be  stored  for  many  days,  an  extended  arrange- 
mcat  of  bins,  similar  lo  those  in  use  at  cnke-nvens,  is  neces- 
sary, with  tracks  and  switches  leading  thereto  from  the 
tipple,  or  else  it  is  stored  by  means  nf  a  system  of  elevators 
and  conveyors  removing  the  coal  frum  the  tipple, 

The  point  where  the  coal  discharges  from  the  chute  into 
the  car  should  be  so  arranged  that  the  cual  will  be  loaded 
evenly  in  the  car  on  both  sides  of  the  ceiUer,  so  as  to  require 
a  mininium  amount  of  labor  in  trimming;  and  the  end  of 
the  chute  should  be  high  enough  above  the  car  to  clear  the 
height  to  which  the  coal  may  be  lidded  above  the  sideboards 
of  the  car. 

In  loading  ordinary  coal-cars  from  a  chute  with  end  dis- 
charge when  the  apron  is  down,  it  should  extend  abuut  I  or 
2  feet  into  the  car  and  be  about  :i  feet  above  the  sideboards, 
depending  upon  the  height  to  which  the  car  is  loaded. 

When  the  coal  has  been  loaded  to  the  proper  height  in  one 
part  of  the  railroad-car,  the  car  i^  shifted  and  the  hiading 
begun  at  another  point.  Where  only  one  chute  is  used,  the 
car  must  be  shifted  twice  as  often  as  where  two  chutes  and 
tipples  are  used.  tJn  this  account,  two  chutes  are  generally 
used  where  the  arrangcmenCH  of  dumping,  screening,  etc..  are 
simple.  This  is  also  desirable  in  tipiiks  fully  equipped  for 
automatic  dumping,  screening,  and  leading  devices,  if  the 
track  arrangement  will  permit  and  the  cost  can  be  incurred. 


20flO.  in  Fig.  074  is  shown  an  arrangement  for  load- 
ing coal-cars  by  a  center  discharge  basket  /'.  This  basket 
is  made  13  to  24  feet  long,  depending  upon  the  length  of  the 
chute  and  the  height  of  the  load  in  the  rail  road -cars.  Its 
upper  end  S  is  hinged  to  the  chute,  and,  when  closed,  rests 
at  an  angle  of  ab<*ut  Vi''  to  It;".  This  and  the  length  of  the 
fhule  are  regulated  to  check  llie  speed  of  the  coal  down  the 
chute,  so  that  it  will  land  near  the  center  of  the  basket. 

r.  a /.SI 
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The  weight  of  the  coal  in  the  basket,  which  h  suspendt 
by  a  wire  rope  or  chain  7*  lo  a  drum  O  curiirolled  by  a  brake 
K,  causes  the  basket  to  lower  when  the  brake  is  released. 

The  descending  load  raises  a  c«ninlcr weight  A',  and,  us  th< 
load  descends,  the  basket  is  opened  by  a  chain  K  adjusted 
so  as  to  eaitse  the  outer  arm  of  the  basket  to  spread  apart 
from  the  long  arm.  and  open  at  a  less  or  greater  height  above 
the  iHittum  of  the  railroad-car  as  the  height  uf  the  load 
i  ncreascs. 

Before  the  momeiUum  of  the  descending  basket  and  load 
has  spent  itself,  as  the  coal  discharges  from  the  basket  the 
brake  ('  is  appbed  lo  the  drum  above,  holding  the  counter- 
weight A'  in  position  to  return  the  basket  to  its  first  positjon^y 
when  the  brake  is  released.  ^M 

The  dlst^hargc  angle  of  the  basket,  when  open,  will  vary^ 
from  Hi"  to  li:r.  depending  consiik-rahly  upon  the  nature  of 
the  coal  and  whether  mine-run  with  much  screenings  is  at     , 
times  to  be  loaded  on  the  lump-coal  track  or  not. 

2HH1 .  There  are  numerous  arnttigetneiits  of  coal 
tipples,  plarfncd  to  suit  the  various  requirements  as  lo  size 
of  screenings  lo  be  produced  and  whether  these  arc  to  he 
loaded  on  cars  on  one  or  more  tracks,  and  whether  mixtures 
are  to  be  produced,  etc.  One  other  form  of  tipple,  shown 
in  Fig.  1178,  will  suflice  with  that  shown  in  Fig.  '.174  to  illLs. 
tratc  the  different  principles.  In  Fig.  978  is  shf>wn  a  steel- 
built  tipple,  with  screens,  for  producing  three  sixes  of  coa!. 
This  can  also  be  arranged  for  producing  four  sizes.  The 
sizes  can  be  loaded  separately  or  mixed,  as  shown. 

A  special  feature  is  in  the  provisi<m  for  loading  box  or 
gondola  coal-cars  on  the  outer  trarjt  with  either  lump,  lump 
and  nut,  or  run<of-mine  coal. 

A  receiving  chute  J,  with  two  point  chutes  ;',  •?',  is  sus- 
pended beneath  the  weigh  basket  /'.  The  upper  end  of 
the  chute  is  pivoted  to  the  steel  structure  by  rods  and  turn- 
burkles.  The  lower  end  is  provided  with  a  windlass,  so  that 
the  pitch  of  the  chute  can  be  readily  changed  to  accommodate 
high  or  low  cars.     The   chute   is  provided  with  a  hinged 
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door  2',  so  that  the  trimmer  can  throw,  alternately,  loads 
into  a  box  or  gondola  car  on  the  first  track,  and  into  a  gon- 
dola on  the  second  track.  This  gives  ample  time  to  throw 
the  coal  back  in  the  box  car  without  interfering  with  the 
loading  on  the  second  track. 

2662.  Where  it  is  desired  to  produce  several  sizes,  and 
.the  elevation  of  the  tipple  above  the  railroad-tracks  may 
not  be  sufficient,  where  tracks  run  between  the  bents  (14  to 
16  feet  apart)  supporting  the  tipple  platform,  it  may  be 
accomplished  by  spanning  two  or  four  of  the  railroad-tracks 
with  trusses  supporting  the  tipple  platform,  which  will  per- 
mit of  making  the  center  lines  of  the  rail  road -tracks  12  to 
13  feet  apart,  thus  bringing  the  railroad-cars  within  the 
reach  of  the  discharge  points  of  two  or  more  screen  chutes 
urith  a  slight  elevation  of  the  tipple. 

In  Fig.  978  the  dump  is  shown  at  A,  the  screens  at  J/, 
the  brake  bearings  at  B,  the  loading  basket  at  P,  the  rope 
or  chain  by  which  it  is  raised  or  lowered  is  shown  at  T,  the 
drum  over  which  the  rope  or  chain  passes  is  shown  at  [/,  and 
the  counterweight  at  X.  The  deflecting  chutes  are  shown 
at  a.  The  loaded  cars  from  the  mine  and  the  empty  cars 
to  the  mine  are  handled  in  a  manner  similar  to  that  shown 
"  in  Fig.  974.  '_ 

BOX-CAR  LOAUER. 

2663.  A  box-car  loader  is  the  name  of  a  device, 
operated  by  power,  for  throwing  the  coal  towards  each  end 
of  the  railroad-car,  after  it  has  been  chuted  into  the  car 
door.  The  loader  consists  of  a  pointed  ram,  oscillating  hori- 
zontally, which  can  be  moved  in  and  out  of  the  car  door. 
It  is  located  on  the  opposite  side  of  the  lump  or  mine-run 
track  from  the  tipple. 

When  coal  is  to  be  loaded,  the  nose  of  the  ram  is  moved 
into  the  car,  and  as  the  load  of  coal  is  chuted  down  against 
it  a  double  plow-like  surface  on  the  nose  of  the  ram  oscillates 
rapidly  and  throws  it  to  the  end  of  the  car.  When  loaded, 
the  ram  is  withdrawn.  Coal  is  considerably  broken  where 
this  machine  is  used. 
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20414.  In  some  rases  the  weight  of  coa!  Inadcd  in  mine 
cars  is  estimated  hy  vultimc;  that  is,  ears  are  eonstruetciJof 
Buch  a  Dumber  of  cubic  feet  capacity  as  will  hold  I^  orii 
tons.  This  capaeitj-  will  vary  with  conU  of  different speciJic 
gravities,  and  riiusi  be  determined  in  each  case,  especially 
al  isolated  mines.  This  method  applies  very  well  for  friable 
c<jal  that  will  leave  no  large  vacant  spaces  in  the  car.  atid 
where  the  coal  is  loaded  level  or  a  few  inches  above  the  side- 
boards. U  the  coal  consists  mostly  of  lar^c  sizes,  or  if  the 
cars  are  loaded  much  above  the  sideboards,  the  coal  shouW 
be  weighed. 

Where  the  price  paid  fur  mininjj  per  ton  is  for  mine-run, 
coal  may  be  weighed  in  ihe  mine-cars  at  the  tipple  platform 
by  passing  the  loaded  cars  onto  one  or  two  scales,  as  the 
arr^i]ij;ement  of  one  or  two  loaded  t^ack^  require. 

The  scales  should  be  located  at  a  point  where  the  cars 
conveniently  come  to  a  st.indstiU,  and  then  be  readily  itioi-ed 
to  the  tipple.  Different  locations  arc  shown  in  the  various 
plans  of  the  surface  arranjfcments,  depcndin;;  somewhat 
upon  the  system  of  tracks. 

The  scales  should  be  located  handy  to  the  tipple,  so  that 
the  result  of  the  inspection  of  the  coal  may  be  known  imme- 
diately after  its  weighing  and  the  miner's  check  collected. 

Where  there  is  no  screening,  and  the  mine-run  only  U 
loaded  on  railroad-cars,  the  weighing  can  be  conveniently 
done  by  track-scales,  under  the  railroad-cars,  as  ihcy  stand 
opjwsite  the  chute  to  be  loaded.  A  possible  error  in  esti- 
mating the  weiifht  of  an  empty  mine-car  is  thus  avoided. 
In  this  case  the  checks  removed  from  the  mine-cars  above 
must  be  delivered  by  some  device  to  the  weighman  below; 
and  if  coal  from  above  is  nin  to  the  boilers  or  other  (wints, 
some  provision  must  be  made  m  weigh  it,  in  case  weighing 
is  necessary.  The  arrangement  for  weighing  on  railroad- 
cars  can  also  be  applied  where  only  the  weighing  of  lump 
coal  is  required,  or  a  combination  of  the  above  and  of  weigh- 
ings on  scales  at  the  tipple  platform  can  be  used,  where  the 
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RTcight  of  lump  coal  and  screenings  less  than  If,  inches  are 

cli  n<.'*:esBary. 

It  is  preferable  in  this  arrangement  that  the  scales  below 
connecled.  by  a  system  of  levers,  to  a  wtrlgh-beam  on 
he  tipple  platform,  handy  to  the  tipple,  so  that  ilie  wetgli- 

an  can  more  carefully  watch  the  several  operations,  and, 

crcforc,  be  less  liable  to  error  in  recording  tlie  weights  of 
he  different  proUucts  containc<l  in  each  mine-car. 

Usually,  only  the  lump  coal  passing  uvcr  the  screens  with 
{-inch  openings  is  weighed.  In  this  case,  a  convenient 
Wrrangeracnt  is  shown  at  /^,  Fig.  Ii74,  and  at  ff,  Fig.  'JHH, 
farherein  the  loading  or  discharge  baskets  are  :iuspended  to 
ilkcale  bearings,  either  on  or  just  under  the  tipple  plutfortn, 
And  by  a  system  of  levers  the  weight  is  transmitted  to  the 
'ircigh-beam  Q  near  the  tipple  horns. 

It  is  sometimes  necessary  to  weigh  a  certain  size  o( 
isereening  that  has  been  separated  from  the  mine-run  after 
•idumping,  which  is  to  be  used  for  coal  washing  or  coking. 
Jand  is  removed  from  the  bin  under  the  tipple  t<i  the  latter 
•plants  by  elevators  or  conveyors.  In  this  case,  the  screen- 
^ings  are  caught  in  a  hopper  resting  on  scales  and  connected 
Vith  the  weigh-heam  in  the  platform  above. 


I  CLEANING  COAI.. 

2665.  If  the  amount  of  cleaning  that  the  coal  requires 
Jb,  mt»deratc  and  confined  to  picking  the  slate  from  the  lump 
(ctial.  it  will  auflice  to  allow  ruom  to  Uy  a  narrow  track 
^alongside  of  (he  lump  track,  so  that  mine-cars  or  smaller 
;encscan  be  placed  alongside  of  the  railroad-car  being  loaded 
;,vrith  lump  coal.  The  slate  picked  from  the  coal  can  be 
Ijdropped  into  these  small  cars*,  whieh  can  Im  run  over  a  track 
Kto  8(ime  dumping  point.  If  there  is  considerable  slate, 
Ijrock,  and  impurities  in  the  lump  coal,  it  will  be  ncccssa.ry 
'.to  plan  the  tipple  especially  for  the  purpose  of  picking  nr 
"  reaking  the  lumps  to  remove  it.  Fiff.  979  shows  in  cleva- 
twn  and  plan  an  arrangement  for  this  work. 
It  is  desirable  that  there  be  as  many  tipple  dumps  as 
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possible,  so  as  to  deposit  the  coal  Ht  many  points,  lu  permit 
of  room  and  time  for  a  sufficient  number  of  hands  tn  pick 
over  the  coal. 

The  slate  pickers  arc  seated  along  a  platform  /.  Tliey 
regulate  tht;  flow  of  coal  down  lliu  i^hutc  towards  them  hy  a 
Ivver  ii  operating  a  gate  C.  A  smalt  qnaniity  is  allowed  to 
flow  onto  the  picking  platform,  which,  after  being  pirked, 
is  itboveled  through  the  L-oal-holc  G  into  ihc  bin  K.  and  the 
state  is  thrown  into  a  slate  chute  //.  The  hnc  coal  from 
the  screen  ia  conveyed  away  through  chute  y,  and  the  slate 
is  loaded  into  a  slate  car  for  removal  through  chue  H, 
The  coal  in  the  bins  A'  is  Itiadcd  into  railroad-cars  by  open- 
ing the  gate  A',  which  is  operated  by  the  rope  M  attached 
■to  the  lever  L. 

Where  the  nature  of  the  location  and  existing  arrange- 

'mentK   will   not    permit   of   the    width   of    tipple   platform 

i  required  in  this  case,  and  only  one  or  two  tipples  are  used, 

an  endless  belt  or  conveyor,  with  a  sheet-slecl  surfat:e  made 

(in  sections,  can  be  introduced  at  the  foot  of  the  chute,  and 
caused  to  move  either  in  the  direction  of  the  tipple  or  at 
'  the  right  of  it.  on  which  the  coal  from  the  tipple  is  received 
,and  carried  along  in  front  of  slate  pickers  on  either  side  of 
rit.  The  belt  moves  slowly,  and  its  length  and  speed  will 
depend  upon  the  time  required  to  clean  the  coal.  The  belt 
may  discharge  the  picked  lump  coal  directly  into  a  railroad- 
jcar  or  into  a  bin. 

If  the  nut  coal  is  to  be  picked,  to  free  it  from  slate,  etc., 

it  should  first  be  passed  over  a  revolving  or  shaking  screen, 

I  to  obtain  a  uniform  size  free  from  smaller  coal.     It  can  then 

be  run  in  one  or  more  spouts,  passing  in  front  of  a*  many 

slate  pickers  as  may  be   necessary  to  ck-ati  il.      If  the  nut 

■coal,  after  screening,  is  delivered  at  too  low  an  elevation,  it 

is  raised  by  elevators,  located  between  the  rail  road -tracks, 

to  a  proper  height  for  spouting,  picking,  and  loading  itiln 

flbins  or  railroad-c-ars. 

If  the  impurities  in  nut  coal  or  smaller  sizes  are  consider- 
,  able,  the  cleaning  can  be  done  thinrnughly  only  by  coal 
I  washing,  which   rcqntrux    that    there    be  not   too  great  a 
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dilTerence  in  the  sizes  of  the  coal.  To  obtain  close  sites, 
cither  revolving  or  shaking  screens  :>houl(l  be  used,  with 
circular  perforations. 


HANDI.INU    OF    UOCK    AND    WASTI^ 

2606*     In  mines  with  seams  of  fair  height,  say  4^  f<«t 

upwards,  .nnrt  of  clean  coal,  the  amount  of  rock  and  waste 
producer!  underground  that  must  be  hoisted  and   dinnjied 
will   not  be  great.     In  small  tieams,  or  seams  with   ihic 
slate  partings,  generally  the  rook  and  waste  ran  be  dispose 
of  in  the  gob  by  some  system  of  mining,  as  longwali,  or  iff 
pack-walls  in  the  width  of  room  workings.    But  oven  in  these 
cases  it  may  be  frequently  necessary  to  hoist  rock  at  Limes 
in   considerable  quantities,  shuidd  heavy  fails  occur,  or  ii 
case  of   heaviiiy  of   fireclay  botiomr,  crushes,  and  cree|>s. 
Provisions  for  handling  rock  in  these  events  will    greatly 
reduce  interferences  with  Ihe  work. 

Storage  of  rock  underground,  in  some  places,  is  a  source 
of  danger  from  (ire,  and  in  such  cases  it  shniild  be  hoisted. 

A  rock  dump  may  be  provided  outside,  where  the  waste 
will  not  be  an  obstruction,  and  where  a  good  height  for 
dump  can  be  secured.     This  may  lie  somewhere  between  t 
mine   outlet  and    the   tipple,  provided    the  return   of  the 
empty    cars   to   their    proper   track    can    be    conveniently 
arranged.     If  not.  a  dump  beyond  the  tipple  and  railroad- 
track  will    be   preferable,  the   cars   of  rock,  bein;;   carried' 
thereto  on  a  trestle  over  the  railroad-tracks.     If  no  availabi 
space  exists  for  a  rock  dump,  arrangements  may  be  madi 
for  carrying  away  the  rock  on  railroad-cars,  in  which  case 
rnrlc  dump  can  be  provided  in  the  tipple,  the  rock  being 
dumped  into  a  bin,   from  which   it  can  be  loaded  into 
railroad-car  and  carried  away  as  desired. 

A  variety  of  arrangements  for  switching  out  cars  of  n 
as  ihcy  arrive  from  the  mine  is  shown  for  different  condf 
tiona  and  requirements  in  the  plans  of  the  surface  arrange 
ments  of  mines.  At  drift  and  gravity-plane  mines,  the  roc! 
can  be  generally  switched  out  immediately  after  coming  ou 
of  the  mine  and  before  passing  to  the  tipple,  as  there 
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enly  of  height  for  a  rock  dump  on  the  hillfiide  in  front  of 
ic  plant  lucatinn. 

Cars  of  rock  can  be  dumptd  on  ordinary  tipple  horns, 
hich  arc  extended  on  a  trestle  as  the  dujnpinR  Rruund  fills 
p.  immediately  below  the  tipple.  Kr>ck  cars  are  sometimes 
in  under  a  derrick  provided  with  a  windlass  and  chain,  or 
>pe,  with  a  hook  at  the  enci  of  it,  which  is  put  into  the  eye 
f  the  dr.iw-har  at  the  rrar  nf  the  car.  The  rear  of  the  car 
i  then  raiiicd  by  the  chain  and  windlass  high  enough  to  let 
lie  ruck  run  out.  This  arranKcnient  does  not.  require  tipple 
oms,  the  track  and  the  derrick  bcinc;  extended  as  the  dump 
lis  up. 
Another  arrangement  is  to  erect  a  set  of  tipple  horns  on 
truck  running  on  a  track  about  i  feet  lower  than  the 
ock  track.  The  car  of  rock  is  nin  onto  the  tipple  horns  of 
he  truck,  and  then  with  its  load  hautctl  to  the  rock  dump. 
rherc  the  car  of  rock  is  dumiied  by  the  tipple  horns  lilting 
m  the  truck.  The  truck  with  the  empty  car  is  returned  to 
lie  starting  point  and  the  empty  ruck  car  removed. 
[  In  some  locations  the  amount  of  rock  or  the  lack  of 
lumping  ground  necessitates  hoisting  the  cars  of  rock  uy 
in  inclined  plane  and  dumping  at  considerable  height  above 
She  level  of  the  surrounding  ground,  and  at  some  distance 
kom  the  operation-s.  These  cars  can  be  arranged  to  dump 
\\  the  side  by  gates  opening  in  these  directions,  and  the  car 
livided  by  chutes  sloping  from  the  center  towards  the  sides. 
phe  rttck  can  be  loaded  into  these  crirs  under  bins  in  the 
iippic  structure,  into  which  the  rock  has  been  dumped  from 
iar»  from  the  mine  or  by  self-dumping  cages. 


UtRAKGKMnXTS    FOR    HANni.lWG  COAI,    KASILY    HUOUICIV 
I»    UllMI'ING. 

24Mt7.  Fig.  It 73  shows  a  cradle  for  dumping  coal  that 
^eaks  easily  from  the  forte  with  which  it  strikes  the  chuie. 
The  weight  of  the  loud  in  the  cradle  causes  it  to  tip,  and  in 
to  doing  it  raises  a  coiintcrwciyht.  When  the  cradle  and 
iar  ha%-e  inrncd  sufficiently  to  dump,  a  brake  is  applied. 
oJding  them  in  this  position.     The  door  on  the  top  of  the 
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cradle  which  holds  the  coal  in  the  car  )5  opcnrd  automatic 
ally  and  releases  the  roal,  which  flows  out  gcntlj-  into  tt 
chute.      The  dnor  then  closes,  and.  the  brake  being  released, 
the  counterweight  causes  the  cradle  to  return  to  its  firsts 
position,  and  the  car  in  then  removed.  H 

2068.    An  arrangement  is  shown  in  Fig.  980  for  lower- 
ing coal  that  breaks  up  badly  from  grinding  in  the  chute 
and  fr«m  the  force;  with  which  it  slrikfs  the  car,     Thi&  con^B 
sists  of  an  inclined  car  A,  without  a  bottom,  in  the  chutCtfl 
its  sides  resting  on  the  chute  and  screen  bars.     The  coal 
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from  the  mine-car  Ji  is  dumped  into  this,  and  the  weight 
of  the  coal  in  the  inclined  cnr  ciiuses  it  to  move  down  the 
plane,  screening  the  load  as  it  descends.  A  wire  rope  C  » 
attached  to  the  cnr  jit  one  end,  and  tn  a  brake  drum  J^  at 
the  other,  the  descending  oar  raisiug  a  counterweight  li'on 
the  opposite  side  of  the  drum,  When  it  re.iches  the  bottom 
of  the  chute  a  l>rakc  is  applied  to  the  drum,  holding  the  car 
at  the  bottom  of  the  chute,  while:  its  end  gate  G'  opcn»  au- 
turaatically  and  the  load  drops  into  the  railroad-cars.  The 
brake  is  then  released,  and  the  counlcrweight  causes  the 
empty  car  A  to  return  to  the  head  of  the  chute  to  receive 
another  load. 
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2669.  If  there  is  much  6ne  coal,  so  that  the  screening 
:  imperfect  in  securing  large  lumps  over  the  ordinary 
creen  bar,  an  arrangement  as  shown  in  Fig.  981  may  be 
itroduced.  The  coal  is  dumped  from  a  mine-car  A,  either 
in  an  ordinary  tipple  or  in  a  cradle,  onto  a  shaking  screen 


Fir:.  IHI. 

B  with  circular  perforations.  The  coal  moves  gently  over 
this  and  is  thoroughly  screened,  and  drops  into  a  loading 
basket  C,  operated  similar  to  that  in  Fijf.  fi74. 

This  basket  can  be  arranged  to  have  any  amount  of  play, 
irertically,  between  the  end  of  the  si-reen  and  the  railroad- 
:ars  into  which  it  is  to  deposit  the  coal.  The  basket  C  is 
suspended  by  the  rope  //  passing  over  the  brake  drum  G 
jnd  connected  with  the  counterweight  W.  As  the  weight 
jf  the  coal  lowers  the  basket  C,  it  is  opened  by  the  rope  /;"  E 
passing  over  pulleys  /'  /'  /'to  the  windlass/^.     This  rope  Ji 


84 


SURFACE  ARRANORMKNTS 


can  rcatlily  be  atljustril  f<ir  opening  the  basket  at  any  height, 
so  that  the  roal  will  not  be  hmkcn  by  striking  the  car.  As 
the  load  in  the  rar  incrciscs  in  height,  the  basket  can  be 
adjusted  to  open  higher  up. 

If  Un;  hfight  of  the  mine  landing  above  the  railroad- 
tracks  is  luo  great  Ui  immediately  iiurodiiec  tipples  between 
the  two  points,  gimiUir  to  tliose  described,  r>r  if  a  graviij- 
plane  can  not  be  used,  then  an  arrangcinenl  for  vertiL-iilly 
lowreriiitf  the  coal  may  be  used,  as  shown  in  Fig.  1*?0. 

From  the  lower  landing  any  of  the  tipple  arrangements 
already  describe<l  may  be  used  to  suit  the  conditions  and 
requirements. 

^B  2070.     Arrniiirciticnt   of   TlpplcM  for    IncrcaMlnK 

^m     I>uni|>liiie  Capocicy. — Fig.  Hfi  shows  an  arrangement  of 
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tipple  with  M^veral  dimiping  points  for  inerensing  the  rapac- 
ity of  the  mint:  and  for  shipping  several  sizes  of  coal,  or  all 
mine-run,  as  desired.  On  this  figure  the  loaded  tracks  from 
the  mine  tu  dumps  arc  marked  a  and  the  empty  tracks  t. 
The  dumps  -),  ..7  and  C,  C'ai'c  fur  coal  to  be  screened,  and 
the  dumps  /i',  Ji  for  coal  in  he  shipped  a«  riin-of-mine.  The 
scales  are  shown  at  s.     The  railroad-tracks  are  arranged  as 
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follows:  A,  A,  lump-coal  tracks;  B,  B,  nut-coal  tracks;  C, 
run-o£-mine  track,  and  D,  D,  slack  tracks. 

2671.  Construction  of  Tipple. — Where  the  trestle 
is  built  of  timber,  posts  10  inches  to  14  inches  square  are 
used,  or  the  composite  posts  of  2  pieces  C  X  12  or  7  X  14 
form  bents  for  support  of  the  trestle,  as  shown  in  Fig.  974. 
To  prevent  accidents  in  case  of  fire,  it  is  desirable  that  the 
tipple  be  built  of  steel  or  iron,  especially  if  near  the  mine 
opening,  and  in  any  case  if  it  is  possible.  The  roof  should 
always  be  of  corrugated  iron. 


ARRANGEMENT    OF    MISCELLANEOUS 
DETAILS. 


RAIIvROAD-TRACKS. 

2672.  There  should  be,  in  addition  to  the  branch  from 
the  main  line  of  the  railroad,  a  track  for  each  size  of  coal 
produced,  and  also  a  track  for  receiving  material,  etc.,  if 
the  conditions  require  it. 

Railroad-tracks  are  generally  spaced  14  to  IG  feet  from 
center  to  center.  They  may  be  less  than  this;  but,  to  per- 
mit of  tracks  being  laid  between  the  bents  of  the  tipple- 
platform  trestle,  they  should  l)e  about  this  distance,  especially 
if  some  clearance  around  the  cars  is  needed  for  men,  or  if 
tracks  are  on  a  curve  under  the  trestle. 

The  curves  of  standard-gauge  railroad-track  sidings 
should  not  exceed  l'i°  (478  ft.  radius),  and  it  is  preferable  if 
they  do  not  exceed  7^30'  curves  (rr^.S  ft.  radius).  This 
latter  is  the  usual  radius  for  turnout  curves  at  switches, 
and  requires  about  a  No.  8  or  No.  0  frog  in  the  turnouts 
from  straight  tracks. 

In  the  case  of  turnouts  with  tliis  curve  connecting  two 
parallel  tracks,  14  feet  between  centers,  the  distance  from 
the  point  of  tangency,  or  beginning  of  curve  to  the  revers- 
ing point  between  the  two  traiks,  will  b<-  about  Kill  feet, 
and  the  distance  between  the  points  of  tangency  of  the  two 
tracks  will  be  twice  this,  or  aoo  feet. 
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2B73.  The  length  nf  railroad  sidings  required  at  a 
mine  will  dcpciul  on  the  uutput,  number  of  sizes  oC  coal  i*^ 
be  produced,  and  storage  room  requirc<l. 

If  only  Biifficienl  empty  railroad-ears  are  needed  to  k 
stored  fur  one  day's  output,  the  length  of  the  siding  will  1« 
iound  from  the  fulluwing  cxprotston: 

Daily  output  of  mine         .         .     *      -i        .  I 

-.r ^ f-     7  -  :. X  length  of  railroad-car. 

Capacity  ut  railruad-car 

The  storage  track  for  empties  may  be  either  single  or 
double  track,  as  the  location  will  pcrniil. 

The  length  uf  this  siding  will  begin  above  all  the  switches 
leading!  to  the  various  tracks  under  the  tipple,  so  that  empty 
car;«  can  lie  dropped  down  lo  any  point  required  for  loading, 
and  incoming  empties  can  b«  placed  above  the  chute  without 
shifting  the  loads. 

The  length  of  the  tracks  below  the  chute  for  each  site  of 
coat  will  de|K;nd  upon  the  proportion  of  each  siie  produced, 
and  the  length  should  he  measured  in  the  straight  track, 
not  including  the  switclics  at  the  tipple  or  the  switches 
leading  from  the  tracks  into  the  main  empty  siding.  h 

If  run.of-mine  coal  is  loaded  always,  or  at  times,  the«^ 
should  be  .ftifticicnt  storage  on  tbJK  tntck  f{ir  the  whole  out- 
put, either  on  a  single  or  a  double  track.     The  arrangement 
of  these  tracks  is  shown  in  the  different  plans  of  the  surfao^H 
arrangements  of  mines.  1| 

A  repair  track,  on  which  to  Kwitch  cripjilctl  empties,  is 
sometimes  necessary,  and  if  there  is  not  a  material  track 
that  can  be  used  for  this  purpose,  a  repair  track  should  be 
provided,  d 

The  grades  of  the  empty  tracks  above  the  chute  should^ 
be  at  least  J  foot  per  IfH)  feet,  although  1  foot  per  KKi  feel 
is  better,  especially  over  switches,  or  if  there  is  much  curva- 
ture. A  grade  of  one  foot  per  llM)  feet,  for  300  feet,  should 
be  provided  at  the  tipple,  to  start  the  cars  promptly  when 
loaded.  For  the  balance  of  the  distance  the  loaded  track* 
should  have  at  least  ^  foot  per  lOM,  or  3  fool  per  100  feet  ijt 
belter,  especially  if  there  is  much  curvature.     A  IjC  grade 
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'^  Sometimes  too  steep,  it  being  difficult  to  control  loaded 
cars  if  they  get  much  headway  and  brakes  work  with 
<l»fficulty. 


MINE-CAR   TRACKS. 

2674.  The  gauge  and  distance  apart  of  mine  tracks 
depend  upon  the  size  of  the  cars  and  other  requirements, 
which  vary  considerably  with  the  conditions  of  mining  in 
different  places. 

For  cars  with  small  wheels  12  or  14  inches  in  diameter, 
and  18  to  30  inches  from  center  to  center  of  axles,  and 
3-foot  gauge,  curves  of  12  feet  radius  can  be  used;  but  at 
least  30  or  25  feet  radius  should  be  used,  and  these  should 
be  the  sharpest  curves  for  larger  cars  with  wheels  16  to  18 
inches  in  diameter. 

2675.  It  has  been  indicated  what  the  grades  should  be 
for  mine-car  tracks  at  shaft  and  slope  landings  for  short 
distances,  where  it  is  desired  to  introduce  such.  For  long 
tracks,  where  the  cars  may  run  by  gravity  from  the  mine 
outlet  to  the  tipple,  generally  a  grade  of  If!  inches  for  the 
first  100  feet,  12  inches  for  the  next  100  feet,  and  9  inches 
per  100  feet  for  the  balance  of  the  distance  will  be  sufficient 
with  track  in  ordinary  condition  and  where  cars  with  13  or 
14  inch  wheels  are  used. 

These  grades  may  be  2  or  ',i  inches  lighter  per  lOO  feet 
where  cars  with  wheels  If!  or  18  inches  in  diameter  are  used, 
and  where  the  track  is  in  good  condition  and  straight,  or 
has  very  light  curves. 

The  empty  cars,  returning  by  gravity,  should  have  a 
grade  of  about  1  foot  in  100,  which  should  be  reduced  for 
the  last  100  feet  or  200  feet  if  it  is  desired  to  bring  them  to 
a  standstill  before  entering  the  mine.  It  is  important  that  a 
steep  grade  be  given  at  the  start,  in  this  case  say  ^  foot  in 
30  feet,  where  the  cars  start  from  a  standstill. 

2676.  Where  gravity  tracks  are  used,  some  arrange- 
ment, as  shown  in  Fig.  9T4,  is  necessary  to  raise  the  empties 
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high  enough  to  return  iliem  lo  the  mine,  unless  they  ar 
removed  by  motor  or  rope  haulage. 

It  i»  prc(eriiblc  to  introduce  this  car  lift  at  the  tipple,  as 
the  tracks  near  the  yard  and  ahops  can  then  be  maintained  at 
nearly  a  level.  It  is,  however,  sometimes  introduceci  at 
the  latter  point,  in  which  ca<;c  the  tracks  at  the  tipple  are 
nearlv  level. 

Where  mule,  motor,  or  rope  haulage  is  used  /or  handling 
the  trips  outside  for  some  distance,  and  it  is  not  desired  tti 
maintain  a  difference  in  the  elevation  of  parallel  loaded  and 
empty  tracks,  a  down  grade  of  about  1  f'j")t  per  loo  feet 
will  farilitate  the  movement  nf  tin,-  loads  towardii  the  tipple, 
and  the  empties  can  be  readily  returned  up  the  same  grade. 

The  length  of  mine-car  siding*  will  depend  upon  the  vari- 
ous conditions,  as  tlie  iL-njjlh  of  cars,  number  of  cars  in  a  trip, 
and  the  frequency  ut  arrival  of  trips  outside,  depending  upon 
a  long  or  short  haul. 

At  a  shaft  mine  with  landing  on  a  trestle  the  inicks  arc 
planned  only  with  suflicient  length  for  handling  single  carg, 
and  permit  of  introducing  the  necessary  turnouts,  switches 
for  rock,  etc.,  and  return  empty  tracks.  With  these  ar- 
rangements, there  is  frequently  sufficient  room  for  holding 
aevcral  loaded  and  empty  cars,  as  a  reserve  in  case  of 
slight  delays. 

If,  however,  there  be  some  dependent  operation,  as  coke 
making,  fur  which  the  coal  is  dumped  into  bins  to  supply 
the  ovens,  and  they  arc  ftitl,  it  may  be  desired  to  hold  the 
oial.  For  this,  storage  tnicks  for  loads  and  empties  suffi- 
cient to  bridge  over  usual  delays  arc  best  arranged  under- 
ground. On  the  yard  level  outside  there  should  be  suffident 
side-tracks  to  hnki  all  the  itiiuc-cars,  in  case  it  is  necessary 
at  any  time  to  remove  thcin  from  the  mine. 

At  a  shaft  mine  with  landing  on  natural  ground  and  some 
distance  belwccti  the  shaft  and  tipple,  any  storage  room 
needed,  as  above,  for  loads  and  empties  can  be  arranged 
outside.  Al  a  slope  mine,  if  pr<'vi.iion  is  necessary  for  the 
accumulation  of  any  loads  or  empties,  it  must  be  arranged 
underground. 
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The  landintf  room  for  trips  hwisted  from  the  mine  should 
be  a  little  longer  than  tli«  number  of  cars  in  the  trip  require, 
and  ihe  empty  return  tracks  should  have  length  enough  to 
have  one  complete  empty  trip  in  readiness  for  return  to  the 
mine,  and  a  second  one  nearly  made  itp. 

At  a  drift  mine  with  a  short  haul,  or  frequent  arrivals  and 
departures  of  short  trips,  the  sidings  can  be  short.  This  is 
the  case  vrhcrc  the  arrangement  of  the  haulage  tracks  inside 
(lermits  of  moving  several  trips  in  either  direction  at  the 
same  lime,  as  vrith  mules,  endiess-ropc,  or  locomotive  haul- 
age. Long  sidings,  however,  are  neces-sary  where  long  trips 
are  moved,  on  account  of  long  Iiaul,  and  either  the  above 
systems  or  tail-rope  haulage  is  used. 

20T7.  The  method  of  determining  the  length  of  siding 
required  can  best  be  ascertained  by  taking  the  following 
examples; 

Suppose  the  cars  to  be  of  1  ton  capacity,  the  trips  to  arrive 

every  2u  minutes,  and  the  mine   to  work  8  hours  per  day, 

8  (hr.)  X  00  (min.)      „,   ^,  .        ,..  . 

then  — ^ — J  ,    .   \ '  =  24,  the  number  of  tnps  per  day. 

2a{min.)  r    f  J 

If  the  output  is  l.fi^W  tons  a  day,  then   '^,  f .^"T   =  fiS  — 

the  number  of  tons  hauled  per  trip. 

If  the  cars  are  of  !  ton  capacity,  then  there  must  be  62 
cars  on  the  trip. 

If  the  cars  are  7  feet  long,  iht-n  the  length  of  the  siding 
for  the  arrival  of  the  trip  should  be  {j'Z  x  7  —  4:U  feet  long. 

In  the  calculation  of  the  length  of  mine-car  tracks  the  un- 
certain factor  of  delays  and  accidents  makes  it  desirable  to 
allow  double  the  calculated  length  or  more,  if  the  cxpen^ie 
can  be  incurred  and  the  location  will  permit,  so  that  double 
the  above  length,  or  (434  X  i)  8i5S  feet,  of  siding  should  be 
allowed  for  both  the  loaded  and  empty  track. 

287S.  To  find  the  number  of  cars  required  for  mi- 
ning operations,  the  following  example  may  be  taken  as  an 
illustration : 

Estimating  the  length  of  hatil  underground  as  1  mile,  at 

f.    lit— 44 
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a  sfwed  of  H  miles  per  hour  it  will  rc<|uire  10  minutes 
make  a  trlj)  in  unv  direction;  the  total  time  for  a  round  trip 
will  be  as  follows: 

Hauling  craiJty  1  milt! 10  mi 

Distributing,  Inadtng,  and  gathcring^  cars. ...    1  hr.  (Ml  tniB 

Haiiling  luads  1  mile 10  miiul 

Dumping  ami  returning  tu  mine iO  min. 

Contingencies 24)  min. 

Total S  br.  00  min, 

Therefore,  if  it   rcqnirca  3  hours  for  a   car   lo   make  a 

round  trip,  a  car  will  make  only  -1  trips  a  day 
If  the  capacity  of  the  car  is  1  ton,  then  1  car  will  handle 

4  tons  a  day,  and  it  will  require  (l,iM>it  tons  daily  output  4- 

4  tuns)  :i75  cars  lo  lianille  the  output. 

2679.     In  laying  out  a  turnout,  or  in  connecting  one 
straight  track  with  another,  the  following  rule  will  deter- 
mine  the  distance   between 
1  the  switch  and  the  frog:  Tlw 

distance  from  the  switch,  or 
point  of  curve,  to  the  fnig 
may  be  found  by  multiplying 
twice  the  radius  of  the  curve 
by  the  gauge  of  ihe  track 
^9tmi9fProg^-^ — ^  and  extracting  the  wjuarc 
root  of  the  product.  Or,  by 
referring  tu  Fig.  083  for  the 
''">■'*'*■  meaning    of    the    letters,   it 

will  be  seen  that  the  rule  can  be  briefly  expressed  in  the 

formula  

/,  =  VmX5.  (214.) 


^ 


/ 


^ 


COAL.WASHING  PLAST. 
2680.  If  a  w;isliing  jjlanl  is  necessary  for  cleaning  coal 
for  shipment  or  fur  coke-ovens,  it  may  be  K>cated  near  the 
tipple,  and  the  site*  produced  in  screening  delivered  there 
by  elevators  and  conveyors  removing  the  coal  from  under 
the  screens  of  the  coal  tipple. 
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If  the  coal  washer  is  located  at  some  distance  from  the 
tipple,  it  should  be  along  the  railroad-track.  The  coal  is 
best  conveyed  there  as  one  size,  generally  as  coal  less  than 
IJ  inches  in  size,  either  by  conveyors  or  railroad-cars,  which 
deposit  it  in  a  pit,  from  which  it  is  lifted  by  an  elevator, 
and  then  separated  at  the  washer  plant  into  the  sizes  best 
suited  for  washing.  The  coal-washing  plant  should  be 
handy  also  to  the  head  of  the  lines  of  coke-ovens  if  the 
cleaned  product  is  to  be  used  for  coking. 


COKE-OVENS. 

2681.  Beehive  coke-ovens  are  generally  13  feet  in 
diameter  and  6^  or  7  feet  high.  They  may  be  built  either 
in  single  rows  or  in  blocks.     The  latter  are  shown  in  Fig.  984. 

They  should  be  located  so  that  the  charging  larry  />', 
after  being  loaded  at  the  coal-bins  A,  can  be  run  down  the 
track  on  top  of  the  ovens,  which  has  a  grade  of  at  least  1 
in  100.  This  track  should  be  supported  on  piers  and  to  one 
side  of  the  tunnel  head  of  the  ovens  C,  so  that  the  larry 
will  not  be  exposed  to  the  heat  of  the  ovens.  By  referring 
to  Fig.  984,  the  coke  wharf  I>,  with  a  height  of  8  feet,  will 
be  seen,  with  coke  cars  £  in  position  for  loading.  The  lar- 
ries  are  moved  over  the  tracks  by  an  endless  rope  G  operated 
by  an  engine  located  under  the  tracks  at  F. 

It  is  preferable  that  the  coke-ovens  C  be  situated  on  the 
same  side  of  the  railroad-track  that  the  mine  is,  but  some 
distance  away.  If  they  are  built  beyond  the  railroad- 
tracks,  a  trestle  can  be  built  from  the  landing  platform  uf 
the  mine,  over  the  railroad-tracks,  to  the  coal-bins  of  the 
coke-ovens. 

If  the  location  for  the  coke-ovens  does  not  permit  of  a 
down  grade  for  the  loaded  larry,  or  if  an  opposite  grade  is 
necessary,  rope  haulage  can  be  introduced,  as  shown  in  Fig. 
.984.  Loaded  larries  may  be  hauled  up  a  grade  of  3%  or 
more  with  an  arrangement  of  eiuUess-rope  haulage,  as  here 
shown. 

A  plant  of  100  ovens,  I'Z  feet  diameter,  in  a  single  row, 
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requires  a  fritllh  of  <8  feet  and  n  length  of  about  1,600  feet, 
with  bins,  etc. 


PlO.  UM, 

A  plant  of  100  block  ovens  requires  a  width  of  98  feci 
from  the  center  of  the  railroad-track  and  a  length  of  about 
900  feet,  ivilh  bins,  etc. 
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Tlie  charge  for  a  coke-uveii  is  about  ft  tons.  One  hundred 
ovcna  running  on  48-hour  cyke  will  require  250  tons  daily. 
The  capacity  of  the  bins  should  be  about  equal  to  this. 

EstimatincT  4^  cubic  feet  of  cnal  to  a  ton,  the  contentR  of 
the  bins  must  be  10,500  cubic  feet. 

A  height  of  50  to  60  feet  is  needed  from  the  railroad- 
track  to  the  lop  of  iht-  coal-bins  at  the  rokc-oven  pUnt. 
The  tipple  landing  should  be  arranjcfd  «n  a  level  with  the 
top  of  the  bins,  if  possible,  where  mine-run  is  coked. 

If,  however,  screenings  are  coked,  the  above  arranfjement 
is  not  of  Buch  importance,  as  the  Rcreening.s  will  generally 
have  to  be  raised  by  elevators  to  the  bins. 

If  the  tipple  platform  can  not  hr  arranged  nn  a  level  with 
the  lop  of  the  coke-oven  bins,  or  if  the  elevation  of  the 
ground  for  the  site  of  the  coke-oven  plant  in  not  sufficiently 
low  to  make  the  top  of  the  bins  on  a  level  with  the  tipple 
pUitform  and  lead  the  railroad-tracks  to  the  ovens,  then  it 
will  be  necessary  to  arrange  a  short  incline  for  hoisting  the 
mine-cars  from  the  tipple  platform  to  the  top  of  coke-oven 
bins. 


WATEH-aUPPLY. 

26S2.     The  water-supply  may  be  obtained  as  followa: 

1.  From  the  mine  water,  if  in  sufficient  quantity  to  be 
pumped  from  the  mine  to  a  reservoir,  provided  the  presence 
of  sulphur,  alkali,  and  impurities  dues  not  exclude  its  use. 
If  the  water  is  dirty  or  contains*  Ruspended  matter,  it  will 
require  settling  before  use, 

2.  From  springs  or  streams  at  higher  elevation  than  the 
mining  operations,  the  water  from  which  may  be  held  in  a 
reservoir  at  sufficient  height  above  operations  to  afford  suf- 
ficient head  for  pressure  at  the  works, 

3.  From  sources  lower  than  mining  operations  or  from 
deep  wells,  requiring  pumping  stations  to  force  the  water 
through  a  water-main  to  a  reservoir  at  suflieient  height  above 
the  operations  for  pressure 

In  the  erection  of  a  pumping  station,  the  site  should  be 
considered  with  reference  to  its  location  near  tracks  for  the 
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supply  of  fuel,  or,  if  at  a  distance,  with  reference  to  the 
meani;  of  getting  c<xil  to  the  plant, 

U  mine  water  can  be  used  in  any  of  the  operations,  as  for 
boilers,  coal  washing,  or  coViiig,  it  Khould  be  held  in  n  sep- 
arate reservoir  fnim  the  fresh-water  supply.  Water  with 
some  sulphur  may  he  unfit  for  boilers,  but  suitable  for  coal 
washing  or  coking,  ahhnugh  sometimes  there  may  be  t'H) 
miirh  sulphur  in  the  water  to  permit  of  its  being  iise<l  for 
any  purpose. 

2083.  Whatever  may  be  the  sources  of  the  supply,  the 
water  will  bo  stored  or  collected  in  rcser\"oirs,  made  a» 
follows: 

1.  Made  by  an  earth  dam  or  breastwork  thrown  across  a 
ravine.  The  inside  may  have  to  be  puddled  with  clay  or 
ccmentL'd,  to  make  it  hold  water. 

^.   tn  tanks  of  wnod,  iron,  or  stone.  H 

Generally,  no  more  than  two  reservoirs  will  be  needed, 
and  one  will  be  sufKciciit  if  nnly  a  fresh-water  supply  is 
stored.  ^M 

2A84.     Style  and   I.ncatlon  of  He ncr voir. —Where 

a  reservoir  c^nn  bv  readily  constructed  by  an  earth  dam  at 
sufficient  elevation,  and  the  cii«t  of  pumping  or  collecting 
water  therein  is  not  very  expensive,  such  will  serve  as  well 
as  a  wood,  iron,  or  stone  tank.  If,  however,  the  cost  of 
pumping  is  expensive,  owing  to  the  distanrc  of  a  pumping 
plant  from  the  reservoir,  scarcity  of  water,  and  its  evapora- 
tion or  absorption  in  an  earth  reservoir  is  considerable,  then 
a  wood,  iron,  or  stone  tank  should  be  used.  Wooden  tanks 
arc  erected  for  temporary  and  iron  or  stone  tanks  for 
p<?rmancnt  service. 

Where  there  is  no  ground  in  the  vicinity  of  the  operation* 
at  a  higher  elevation  than  the  plant,  either  a  wooden  ur  iron 
tank  should  be  erected  on  a  trestle  sufficiently  high  to  give 
the  desired  pressure  at  the  works.  The  pressure  need  not 
be  suftieicnt  to  feed  the  boilers,  as  a  fccd-pum|>  will  generally 
be  used  tuT  this  work. 

Where  there  is  ground  at  sufficient  height  for  the  location 
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of  a  reservoir,  either  a  wood  or  iron  tank  can  be  used,  and 
need  not  be  localed  on  a  ircslle.  Or,  if  stone  is  plcniiful 
and  ihe  nature  of  the  soil  will  permit,  a  alone  reservoir  can 
be  const riiL ted,  allordin^  permanent  &c;r%'icc. 

If  there  is  much  s\ilphur  in  the  water,  it  precludes  the  use 
of  an  iron  tank,  unless  coated  inside  with  paint  or  Mime  sub. 
stance  to  resist  the  action  nf  the  sulphur. 

28A5.     Conntructlon  of  Gartb  Dam  and  Rencr- 

voir. — Iij  the  excavation  fur  a  basin  <»r  the  building  of  a 
dam,  it  is  preferable  that  the  xoil  be  clay  and  well  tamped  as 
its  building  prof;ressc$. 

U  the  s«il  is  sandy  or  gravelly,  the  building  of  a  daui  may 
be  Empracticable  without  borrowing  suitable  material  else- 
where at  too  great  an  expense. 

If  the  soil  can  he  u«;(l,  ii  may  be  necessary  after  cornple* 
tion  to  give  the  surface  of  the  reservoir  a  heavy  layer  of 
concrete,  with  a  coating  of  cement. 

The  inner  slope  should  be  a  lo  I  and  the  outer  slope  IJ 
to  1.  The  lop  of  the  embankment  should  be  8  to  10  feet 
wide,  although  this  varies  with  the  height  of  the  reservoir, 
and  n»ay  he  found  from  the  following  expression: 

r=^-^'iiOr,  (215.) 

where  /*=  top  width; 

//  =  height  of  water. 

In  small  reservoirs  the  water  .should  be  about  2J  or  3  feet 
lower  than  the  top. 

2086.  Wood  and  Iron  Tiinkn. — These  arc  procured 
ready  made,  ready  for  erection.  Tlic  foundations  of  wood 
tanks  generally  consist  of  4  jwrallcl  benls,  braced  together, 
and  with  stringers  laid  across  the  bents,  on  which  arc  placed 
2'  X  I'i'  floor  joists  aupiwrting  the  bottom  of  the  tank. 

The  foundations  of  iron  tanks  are  generally  of  stone, 
built  with  4  par.-iHel  pieri,  across  which  are  laid  steel  rails 
lo  support  the  bottom  of  ihc  tank. 

26S7.     Conntriictlnn    of    Stooc    RvMcrvolrM. — For 

heights  of  8  tu  lU  fcct»  the  inside  of  the  wall  may  be  straight 
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and  the  outside  battered  3  or  5  inches  to  the  foot,  depending 
upon  the  weight  of  the  stnnc  used.  The  top  width  will  be 
about  !S  inches.  The  brtttoni  <Tf  the  reservoir  should  be 
built  with  stones  laid  closely  together  and  well  filled  with 
mortar  or  concrete.  The  side  walls  arc  then  built  upon  the 
bottom  foundation,  and,  when  complete,  the  .whole  interior 
is  coated  with  ^  to  1  inch  of  cement. 


2*iHH.  Amount  of  Water  Nttodcd.— This  will  de- 
pend upon  the  quantity  of  water  needed  in  each  of  the 
different  operations.  In  determining  the  amount  of  water- 
supply  (or  a  coal  plant,  the  following  needs  must  be  c«>nsid- 
ered :  ^| 

I.   Supply  to  boilers;  ^0  to  3S  lb.  of  water  per  H.  P.  pel^ 
hour  should  be  allowed. 

i.   Household  use. 

:j.   Shops  and  stables  outside. 

4.  Underground  stables  and  drinking. 

5.  For  air-romprcssor;  cooling  air. 
C.    For  coke-ovens;    allow  30O  gallons  per  oven   wate 

daily. 

7.  For  coal  washing'.  The  requirements  per  minute  will 
depend  upon  the  size  of  the  plant.  A  fair-sized  plant  uses 
400  to  600  gallons  per  minute,  but,  as  most  of  this  is  water 
that  is  used  over  and  over,  provision  need  be  made  only  for 
supplying  50  to  lOU  gallons  for  replenishing  loss  per  minut&H 

8.  For  fire  purpnscs  outside  and  underground.  ^| 
Mine  water  may  pos.iibly  be  used  for  these  three  latter 

purposes.  ^m 

24t8d.     Arranitcinent    of    Plpcn. — The  reservoir  is 
filled  with  water  by  a  fccd-pipc  from  the  source  of  supply 
flowing  into  the  reservoir  over  its  top.     An  outlet  or  supply 
pipe  supplies  the  wurks  and  other  points  of  consumptioii^ 
and  draws  water  from  the  bottom  of  the  tank.  ^B 

This  pipe  is  laid  from  3  to  6  inches  above  the  bottom  of 
the  reservoir. 

A  pipe  is  also  laid  level  with  the  bottom  of  the  reset 
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with  R  valve  on  the  outsitle  for  cleaning  the  reservoir  when 
filled  with  dirt  up  to  the  supply  pipe. 

Sometimes  the  feed-pipe  filling  the  reservoir  is  also  made 
a  supply  pipe  to  the  works,  tappinR  the  reservoir  at  the 
bottom.  In  this  case,  if  the  water  is  pumped  to  the  reser- 
voir  from  a  pumping  station,  a  valve  outside  the  reservoir 
can  be  turned  off,  checking  ihc  inflow  of  water  to  the 
reservoir  and  permitting  the  full  pressure  of  the  pump  to 
act  on  the  supply  pipes. 

If  there  arc  separate  feed  and  supply  pipes,  a  connection 
with  a  system  of  valves  can  be  made  outside,  so  that,  by 
turning  off  a  valve  on  each  of  the  feed  and  supply  pipes  and 
opening  a  valve  in  a  short  pipe  connecting  the  other  pipes, 
a  direct  pressure  from  a  pumping  station  supplying  the 
reservoir  can  be  obtained  in  case  of  (ire. 

If  the  above  arranncment  can  not  be  made,  the  supply 
pipe  to  the  important  points  to  be  guarded  against  lire 
should  be  laid,  so  that  connection  can  be  made  with  a  pump 
in  the  boiler  room  to  give  the  nece.ssary  pressure. 


2690.     size    of    PIpca   for    Mnln    Itciicrvolr. — The 

isizc  of  the  feed  and  supply  pipes  will  depend  upon  the 
jCXtcnt  and  nature  of  the  operations.  An  ordinary-sized 
|water-raain  is  3  or  1  in.  tn  diameter  for  a  mine  and  the 
(requirements  connected  therewith,  using  six  boilers,  70  to 
j  ]00  H.  P.  each,  requiring  a  reservoir  capacity  of  about 
.  30,000  gallons,  or  possibly  5<l,0()0  gallons  capacity  in  case  of 
'  accident  to  the  pumps. 

If  the  operations  include  100  coke-ovens,  a  4- inch  water- 
'  main  should  be  laid,  allowing  about  15,000  gallons  additional 

tank  capacity. 

Where  extensive  coking  operations  and  coal  washing  are 
'  carried  on,  a  6-inch  water-main  and  a  ISO.OOO-gallon  reservoir 
I  will  not  be  too  Urge.     Pipes  should  be  laid  below  the  frost 

tine  and  well  covered  with  soil.     Around  the  mine  buildings, 
I  coal  and  rock  dumps,  and  coke  works,  they  should  be  well 

surrounded  with  clay,  so  that  sulphur  in  the  coal  or  water 

can  not  destroy  them. 
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ARRANGBMENT    OF    BUII^DINGS,     SHOPS,    ETC. 

2691 .  Bnsine  Room-^-A  building  about  34  X  40  feet 
inside  will  be  large  enough  for  an  engine.  This  will  allow 
plenty  of  room  between  its  walls  and  the  engine  to  conve- 
niently work  about  the  latter.  It  should  be  well  lighted,  and 
the  windows  arranged  so  that  the  engineer  can  command  as 
full  3  view  of  the  landings,  etc.,  as  possible. 

Fig.  985  shows  an  arrangement  of  an  engine  room  with 
feed-water  heater  C.  The  steam  to  the  engine  B  is  admitted 
by  a  throttle-valve  n  below  the  floor.  This  prevents  heat- 
ing up  of  the  engine  room  and  delivers  drier  steam  to  the 
engine  than  where  the  throttle  is  over  the  head  of  the 
engineer. 

If  much  water  is  carried  over  with  the  steam  from  the 
boilers  E,  a  steam  separator  should  be  introduced  in  the 
steam  main  just  before  reaching  the  engine. 

Generally,  if  the  main  a  is  large  enough,  any  condensed 
water  can  be  caught  in  a  drip-pipe  b  and  blown  off  occa- 
sionally. 

If  the  location  will  permit,  it  is  a  good  plan  to  locate  the 
boilers  low  enough  so  that  the  steam  main  will  drain  back 
to  the  boilers  from  the  throttle  of  the  engine. 

2692.  Boiler  House. — A  convenient  arrangement  for 
a  boiler  plant  is  also  shown  in  Fig.  !i85.  The  depth  of  the 
house  is  4G  feet.  Its  length  will  depend  upon  the  number 
of  boilers. 

For  six  boilers  its  length  should  be  about  04  feet,  with 
10  feet  at  one  end  for  a  feed-pump  room. 

Sufficient  space  should  be  allowed  in  front  of  the  boilers 
for  stoking,  removing  ashes,  handling  of  rakes,  flue  cleaners, 
and  removing  flues,  etc.,  and  at  the  rear  of  the  boilers  for 
cleaning,  repairs,  etc. 

Boilers  may  be  built  solidly  together  in  a  battery,  although 
it  is  best  to  separate  them  in  nests  of  two,  as  they  can  be 
better  cooled  off  for  examination  and  repairs. 

The  stacks  for  boilers  are  generally  No.  12  or  14  sheet 
iron,  28  to  32  inches  in  diameter,  one  for  each  boiler. 
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Sometimes  a  brick  sUck  is  enctecl,  with  flues  IcadingtoJ 
from  ihe  boilers.      In  this  case  spice  shuiild  be  provided  fo 
the  foundation  of  the  chimney,  which  for  «x  or  eight  SO- 
horsepower  boilers  will  be  about  13  feel  square  at  the  base 
and  11  ffcl  square  al  the  top,  with  a  flue  6  feet  square  lined  _ 
with  firebrick. 

Two  feed-pumps  D  should  be  provided,  and  po4>«ibiy  a  Iit 
pimip  D',  The  feed-pumps  should  be  arranged  to 
together  on  the  ^me  supply  and  feed  pipes  to  the  boilers, 
or  independently,  if  either  is  disconnected.  At  each  Imiler 
there  >ihouU]  be  a  shorL  branch  from  the  feed-pipe,  provifkd 
with  u  globe  anil  clicck  valve.  ^H 

The  arrangement  of  a  safety-valve  «/an<I  gatc-valvc  e  f^^ 
each  boiler,  and  their  connection  with  the  steam  main  <i,  \% 
.shown  in  Kig.  '.IS5.     The  latter  also  has  branches  for  con- 
nection with  other  machines  to  be  run  by  steam  at  A. 

The  location  of  the  boiler  house  should  be  central  to  the 
principal  points  to  which  it  is  to  supply  steam.  Generally, 
a  location  is  best  by  the  side  of  the  hoisting-engine,  or  it 
may  be  at  the  rear,  if  this  location  is  not  too  far  removed 
from  other  engines.  ^| 

One  side  of  the  boiler  house  should  be  free,  for  the  removal 
of  boilers  for  repairs.     It  is  preferable  not  to  sink  the  boiler 
house  lower  than  the  level  of  the  surrounding  ground,  but 
to  keep  it  somewhat  elevated  or  where  there  is  a  fall  in  the 
ground,  for  the  disposal  of  ashes. 

Boilers  should  be  located  so  that  it  will  be  con%-cnient  to 
obtain  their  coal  supply  from  the  mine-cars;  or  they  may  be 
located  near  the  railroad,  preferably  the  slack  track,  and 
draw  their  .';upply  of  coal  from  there, 

C<»at-bins  shuuld  be  located  in  front  of  the  boilers,  with 
cnal-hotes  on  a  level  with  the  floor  of  the  boiler  house. 

If  the  location  of  the  boilers  does  not  permit  of  running 
the  ashes  out  on  a  tip  car  to  an  ash  dump,  it  will  be  neces- 
sary to  arrange  a  pulley  hoist  for  raising  nshes  in  a  bucket 
to  the  tipple  platform,  where  they  are  dumped  into  cars  to 
be  run  to  the  rock  dump. 

Ashes  may  sometimes  be  needed  for  ballasting  roads  in 
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the  mine,  in  which  case  the  ash  track  is  connected  with 
some  track  leading  into  the  mine,  By  referring  lo  the  fig- 
nre,  it  will  be  seen  that  the  feed-water  liealer  receives  the  ex- 
'haust-8team  befur«  it  is  discharged  from  the  exhau»t-pipe  r. 
The  coal-hules  in  the  boiler  house  are  shown  at  /,  The 
water-main  is  shown  at  f,  the  cold-water  pipes  to  the  feed- 
water  heater  al  A,  and  the  feed-water  pipes  from  thu  healer 
to  boilers  at  /■.  A  closet  for  oils,  etc.,  is  shown  in  the 
engine-house  at  k,  and  one  for  clothes  is  shown  at  /.  A 
work-bench,  with  drawers,  1*10.,  is  shown  in  the  engine- 
house  at  ui.  Windows  are  shown  in  the  plan  at  lu  and 
doors  at  c. 

26&3.  Air-ComprcMHor  llulldlntc. — The  air-com- 
Bor  building  should  be  about  'M  x  W  feel.  This  will 
the  introducing  of  three  compressors,  22'  x  44',  or  the 
same  building  wiU  be  wide  enough  for  two  2B'  X  32'  com- 
pressors. 

The  former  require  a  foundation  spare  of  6'  X  21'  6'. 
There  should  be  4  It,  space  between  the  foundations  of  air- 
compressors,  and  about  10  ft.  should  be  allowed  from  the 
ends  of  the  compressors  to  the  walls  of  the  building,  or  more, 
depending  whether  there  arc  any  long  rods  to  be  drawn  out 
at  the  steam -cylinder  end  for  repairs.  At  the  air-compress- 
ing end  an  arrangement  is  necessary  It-r  an  inlet  of  fresh 
air  drawn  from  outdoors,  if  the  indoor  atr  is  not  cool  enough. 

An  air  receiver  will  require  snnie  space  in  a  corner  of  the 
building,  unless  it  is  located  underground. 

Connection  from  the  water-supply  is  necessary  to  furnish 
water  to  the  water-jacket  or  pipes  of  the  compressor  for 
cooling  the  atr. 

2A94.  Elcctrlc-Powcr  Plant. — A  building  30  x  40 
feet  will  l>c  of  sufficient  siac  for  generating  machinery  of 
abt>ut  'iw  to  3i»U  U.  P.,  where  power  is  to  be  furnished  for 
ordinary  haulage,  coal  cutting,  and  pumping  at  distant 
swamps  and  dips  underground.  The  size  of  the  building 
will  vary  from  this  to  about  li'i  x  l"0  feet,  where  the  gen- 
erating machinery  is  from  tliJO  to  SOij  H.  P. 
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In  smaller  plants  iherc  may  be  one  or  two  driving  enginci, 
carh  connected  with  two  Aft  to  80  horsepower  gcncratrTs, 
which  arc  Iiulted  directly  to  two  (ly-whccls  on  an  engine,  t!ic 
belting  being  iihout  17  to  20  feet  from  center  to  center  "f 
shafts. 

In  larger  plants,  the  best  arrangement  is  to  have  tw<> 
engines,  each  of  sufficient  pjwer  to  run  the  whole  plant,  iml 
each  connected  with  belting  to  the  same  counter^liad,  w 
which  arc  pulleys  that  may  be  belted  lo  six  or  ten  generators 
of  from  40  to  HO  K.  P.  The  countershaft  may  be  in  tiro 
parts,  and  connected  at  its  center  with  a  clutch  pulley,  so  as 
to  throw  out  half  of  ihc  plant  when  not  needed.  ^| 

The  distanec  from  the  center  of  the  engine  shaft  to  ih*^ 
couiiierBhaft  will  be  about  'M  or  4ft  feet,  and  from  the  coun- 
tershaft to  Ihc  center  of  the  generator  shaft  about  17  to 
26  feet. 

The  location  of  the  plant  is  not  necessarily  very  near  tk 
mine  opening,  and  if  there  is  any  convenient  water-power  in 
the  neighborhood,  it  should  be  located  at  that  point. 

If  the  cost  of  the  plant  can  be  incurre«l,  and  the  UM  of 
electricity  i*  not  excluded  by  the  presence  of  gas  where  the 
wires  are  located,  or  other  conditions,  it  may  be   used  for- 
haulage  underground.  ■ 

Electricity  is  aho  used  fur  coul  cutting  and  pumping  nt 
distant    points  underground,  where  the  conditions  p€rmit| 
of  its  use.  I 

2606.  BliickHmlth  Shup. — This  may  vary  in  siic 
from  about  15  feet  square,  for  small  operations,  to  about  30 
feet  square  fur  more  extensive  work. 

The  location  should  be  convenient  for  receiving  tools  for 
sharjKrniiig  from  the  miners  as  they  go  to  and  from  the 
mine,  or  for  sending  them  there  from  the  inside. 

It  should  be  alongside  of  the  carpenter  shop,  for  handling 
frons  back  and  forth  fnr  drift-car  repairs;  alsi>  near  the 
machine-«hop,  for  rppiiirs  to  machinery  needing  work  dor 
hi  both  places. 

The  convenience  for  shoeing  mules  at  the  stable  oULsi^ 
or  underground  should  also  l«;  considered 
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There  should  be  1  to  3  forges  and  anvils.  Blast  should  be 
furnished  to  forges  by  a  blower  driven  by  some  existing 
power,  if  convenient. 

The  shop  should  also  be  provided  with  proper  work- 
benches, closets,  and  racks  for  pieces  of  iron,  drill-press,  and 
an  iron  bender,  if  the  work  requires  it. 

2696.  Tool  House. — A  tool  house  15  X  15  feet  or 
15  X  30  feet,  as  required,  may  be  provided  in  a  building 
adjoining  the  blacksmith  shop  or  near  it,  where  miners' 
picks  may  be  placed  on  racks,  before  and  after  sharpening, 
also  the  drills  and  other  tools  of  rock  gangs  and  other  day 
hands. 

If  the  tool  house  is  mainly  for  holding  shovels,  picks,  etc., 
of  outside  laboring  gangs  who  use  them  for  cleaning  coal, 
dumping  rock,  repairing  track,  or  handling  material,  its 
location  at  a  point  central  to  this  work  is  to  be  desired. 

2697.  Carpenter  Shop.— This  will  be  from  15  X  ^0 
feet  to  30  X  50  feet  in  size,  according  to  amount  of  work 
and  drift-car  repairs  to  be  done.  It  shoidd  be  located  handy 
to  the  mine  and  near  the  empty  return  tracks  for  receiving 
crippled  and  despatching  new  or  repaired  cars.  It  should 
be  convenient  to  the  blacksmith  shop  for  work  required  on 
car  iron,  and  near  the  lumber-yard.  It  should  be  provided 
with  necessary  work-benches,  closets  for  tools,  and  bins  for 
nails,  bolts,  screws,  and  mine-car  fittings. 

A  stock  of  mine-car  wheels  and  axles  maybe  kept  in  a 
shed  near  the  carpenter  shop,  unless  such  arc  stored  in  the 
iron  house.  A  grindstone  should  be  provided,  preferably 
outside  the  shop,  so  that  miners  and  employees  can  use  it. 

If  rollers  for  rope  haulage  are  to  be  turned,  there  should 
also  be  a  wood-turning  lathe,  which  should  be  run  by  power, 
if  convenient. 

2698.  Machlnc-Shop. — Ordinarily,  a  site  central  to 
the  surface  machinery  should  be  selected  for  the  machine- 
shop.  This  is  most  advantageous  where  operations  do  not 
involve  much  machinery,  and  the  number  of  machinists  and 


IM 


SURFACE  ARRANGEMENTS 


helpers  is  few,  and  their  duties  can  include  oiling,  attendiog^ 
the  fan-engine  and  other  machinery  not  requiring  continui)^| 
attcntiun.  ^M 

VTberc  operations  involve  more  machinery,  and  the  wod^f 
is  sufBciently  extensive  to  require  continual  attendance  d^H 
machinists  and  hcl{)t:r>«,  each  to  his  s|H:cial  line  of  work,  U^l 
bench  maciiini:«ts  outside  and  pipc-tittcrs  underground,  the^ 
location  of  the  shops  may  be  at  any  convenient  point,  so 
that  machinery  from  th«  mine  can  he  readily  conveyed 
thereto  and  the  outside  machinery  readily  attended  to. 

There  should  he  plenty  of  room  outside  the  shops  fur  tlMH 
depositing  of  machinery  needing  repairs,  or  that  which  is 
again  in  readiness  for  use.  This  space  is  also  useful  for 
pipe-fitting  and  the  testing  and  repair  of  quantities  of  pipe 
that  have  been  removed  from  the  mine  and  accumulated; 
also  for  the  uncoiling  uf  ropes  for  repairs  and  splicing. 

The  location  should  also  be  near  the  blacksmith  shops,  for 
the  convenience  of  work  which  requires  being  handled  in 
both  places,  and  near  the  slock  uf  iron  piping  and 
room. 

If  it  should  be  necessary  to  have  machinery  in  the' 
run  by  power,  its  location  should  be  studied  with  reference 
to  transferring  [lower  by  line  shafting  or  belting  from  so[q^| 
existing  engine,  asnne  operating  a  saw,  shaking  or  revolvinf^ 
screens,    forge  bluwcr,  ur    inclined    hoisi    for    lumber  and 
material.     The  advantage  of  a  location  for  readily  bandlin]; 
the  work  should  have  first  consideration,  even  if  an  inc 
pendent  engine  is  necessary  to  fiirni.sh  the  power. 

Where  the  amount  of  work  is  small,  the  shop  need 
large  enough  only  for  a  working  hench,  rack-i,  shelves,  an^ 
clo-scts,  for  the  convenient  arr.^ngcmcnt  uf  machinists'  tools 
and  such  few  supplies  and  fittings  rc-<iuircd  for  immediate 
needs.     A  building  I-^'  x  ^0'  will  be  large  enough  in  ttu^ 
case.  ^1 

It  will  be  necessary  to  increase  the  size  of  the  shop  with 
the  increase  of  machinery  in  mining  operations  and  wori|H 
required  for  its  maintenance  and  rep,iirs.  ^| 

A  large  machinc-shop  is  not  ncccssnry.  except  in  isolated 
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locations,  where,  due  eo  distance  and  time  required  in  send- 
ing for  and  receiving  [urts  for  repairs,  the  operations 
would  be  seriously  delayed  or  interrupted.  In  this  case,  it 
is  rarely  necessary  to  provide  for  rcjxiirs  to  large  |>arts  of 
machines.  Generally,  the  parts  ino«t  subject  to  breakage 
arc  kept  in  duplicate,  and  it  can  be  arranged  with  the 
manuf:K'turers  of  special  machines  to  use  a  telegraphic  code 
fur  the  prompt  shipment  uf  large  duplicate  part!*,  which  will 
generally  be  delivered  in  aliout  as  short  a  lime  as  they  can 
be  turned  out  by  an  extensively  equipped  machine-shop, 
furnished  and  maintained  at  an  expense  that  in  the  end 
will  amount  to  more  than  may  be  involved  by  any  delay  to 
operations  in  the  time  required  lo  secure  large  duplicate 
parts  by  a  telegraphic  code. 

A  shop  3(>'  X  .W  may  be  large  enough  for  the  require- 
ments of  mines  utilizing  machinery  to  the  fullest  degree, 
a,nd  where  machine-shops  exist  in  the  region  doing  custom 
work,  to  whom  special  work  may  be  assigned. 

The  usual  machinists'  tools  should  be  provided,  a  set  for 
each  man  or  helper,  including  •luch  tools  as  he  needs. 
Benches  fitted  with  vises,  closets  and  shelves  for  tools  and 
supplies,  racks  for  larger  fittings  and  tools  should  be  of 
suci)  capacity  as  the  needs  of  the  mines  may  require.  Stock 
and  dies,  pipe-cutting  and  threading  tools,  and  drill-press 
should  be  in  such  sizes  as  the  work  requires. 

Tools  should  be  at  hand  for  properly  handling  such  work 
as  may  arise  with  boilers,  engines,  pumps,  fans,  etc.,  that 
may  be  in  use.  Where  drift-car  irons  are  shaped,  a  punch 
for  bolt-holes  is  desirable. 

An  emery  grinder  saves  file  work,  where  much  sharpening 
o£  saws  or  drills  is  required. 

If  locomotive,  compressed-air,  or  electric  plants  are  used 
in  the  ojwrations,  the  repairs  attendant  to  lhcs«  machines, 
and  the  advLsability  of  undertaking  small  repairs  to  pumps 
and  engine  valves  and  cylinders,  may  make  it  necessary  to 
have  abio  a  small  lathe  atid  planer. 

24)(^.  Material  unci  Lumher  Viird. — Tf  much  lum- 
ber and  materia]  are  received  by  railroad^  it  is  desirable, 
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where  ibc  conditions  will  permit,  to  unload  at  some  com 
ntciit  point  from  the  railroad-car,  and  at  the  same  time 
near  the  mine  opening,  carjwntcr  shop,  anti  sav. 

If  the  most  convenient  Iixratinn  for  a  lumber-yard' 
the  mint^  is  at  sumc  di^tant:l;  from  the  railroAd-trarks,  or  at 
a  hif^hvT  elevation,  the  means  for  conveying  the  material 
thereto,  tinder  different  conditions,  has  been  indicated  in 
the  various  plans  for  surface  arrangements. 

The  lighter  lumber,  which  is  to  he  cut  at  the  saw  or  for 
use  in  the  carpenter  shop,  should  be  nearer  these  point»^ 
Props,  if  they  arc  delivered  already  sawed,  and  other  heavy 
lumber  should  be  deposited  nearer  the  mine  than  the  saw. 
Steel  rails  will  Kenerally  1>e  deposited  in  the  material  yard, 
and  scrap-iron  should  be  (fathered  and  deposited  at  some 
convenient  point  or  in  the  material  yard,  to  be  ship^ied  as 
required.  Space  ran  also  be  provided  here  for  the  stock  of 
brick,  lime,  and  sand  needed  in  the  operations. 

27*MK  Sawmill. — A  circular  saw  ts  generally  needed 
in  isolated  locations,  or  where  much  cutting  of  lumber  of 
various  siaes  is  rct|uired  from  stock  lumber  received  from  a 
distance,  or  where  standing  timljcr  is  to  be  cut. 

It  should  be  located  handy  to  the  carpenter  shop  and  to 
the  lumber-yard  near  the  mine,  unless*  it  js  desired  to  have 
it  convenient  to  standing  tiinher  for  cutting. 

270I.     Soppiv  Uootii. — The  sire  of  the  supply  room 

will  he  fmm  2(1  X  2u  feet  to  'AO  X  -lo  feet,  or  larger,  depending 
upon  the  nature  of  operations,  machinery,  and  the  varieli^_ 
and  quantity  of  supplies  it  is  necessary  to  have  on  hand.     ^| 

The  stock  will  include,  principally,  miners',  carpenters', 
and  blackMuiths'  tonU,  unless  lliey  are  carrieil  at  a  store; 
also  nails,  screws,  bolts,  spikes,  mine-tar  litlings,  brattice 
cloth,  harnew,  and  fittings  and  parts  for  repairs  to  such 
machinery  as  engines,  boilers,  fans,  pumi)s,  compressed-air 
or  electric  machines,  helling,  steam  and  water  pipe  fittings. 

The  supply  morn  should  be  located  handy  to  the  sho)>s  for 
issuing  supplies,  and  also  for  the  receipt  of  supplies  by  rail- 
road or  uthcrwisG. 
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2702.  Iron  Houmc. — ftcntrrally.  a  btiiUMng  12  x  24 
feet  will  Ix:  of  suffiincnt  sixc  for  sttirhig  pipe,  round  and  bar 
iron,  tool  steel,  sheet  iron,  wheels.  axIcH,  etc.  It  should  be 
located  handy  to  thi:  blacksmith  and  machine  shops. 

Piping  may  be  stored  at  the  nialurial  yard;  whc«ls  and 
axles  may  be  stored  there  or  ai  the  carpenter  shop. 

2703.  Oil  iiuuM.— Oil  of  all  kinds  may  be  kept  at  a 
store,  whew  it  is  »tM  to  miners,  nnd  issued  in  stated  quanti- 
ties at  intervals  for  mine  use,  drift  rars,  machinery,  etc. 

In  this  case,  there  should  1>c  small  oiKcans  having  a 
capacity  of  from  I  to  lo  gallons,  These  sizes  will  be  suit- 
able for  the  various  rc(iuircnients. 

These  should  be  kept  oo  Iron  trays  to  catch  alt  leakage, 
and  securely  enclosed,  and  at  a  safe  distance  from  waste  and 
other  inflammable  materials. 

If  the  oil  house  is  located  near  the  mine,  it  should  be 
handy  to  the  storekeeper  for  issuing,  but  at  some  distance 
from  surrounding  buildings.  It  may  thus  be  issued  in 
smaller  quantities  (or  machinery  and  mine  use.  but  the  same 
precautions  must  be  taken  wherever  it  is  used. 

Oil  may  be  held  in  barrels  in  the  storehouse,  but  it  is 
saferif  transferred  to  iron  tanks  of  about  'Hi  barrels  capacity 
^aich  for  miners',  black,  and  toal  uj[.  Special  engine  and 
^Under  oils  may  be  stored  in  tanks  of  4  to  5  barrels 
capacity. 

In  warm  climates  it  is  advisable  to  transfer  oil  to  iron 
tanks  to  prevent  loss  from  leakage  in  barrels. 

If  the  heating  of  car  oil  is  necessary  in  cold  weather,  it 
j|houkl  l)e  done  on  a  coil  of  steam-pipe,  if  the  point  at  which 
^^BTS  arc  oiled  is  near  the  tipple  or  other  structure. 

2704.  H»y  und  feed  should  be  stored  handy  to  the 
stables  and  to  storekeeper  for  issuing.  At  shaft  mines,  the 
feed  should  be  conveniently  reached  by  a  track,  so  that  feed 
can  Itc  loaded  on  a  mine-car  at  the  storehouse  and  hauled  to 
the  shaft  for  lowering  lo  the  stables  underground.  This 
should  also  be  the  case  if  feed  is  sent  underground  at  noon- 
day, at  mines  opened  otherwise.     The  feed  should  be  slorud 
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at  some  distance  from  other  building,  as  a  precaution 
agunst  fire. 

2705.  S(al)lc The  stable  should  be  located  so  that 

mulf^s  can  readily  puss  hrrtwccn  it  and  the  entrance  to  the 
mine,  and  handy  In  a  wagon  road  leading  to  points  where 
hauling  may  be  ne<xRi>ary.  It  should  be  handy  to  the  black- 
smith shop,  (or  shoeing  mules.  Where  it  is  possible,  stables 
should  be  loeatcd  where  a  yard  or  pasture  can  be  enclosed 
for  mules  needing  rest.  A  harness  and  wagon  room  should 
be  located  alongside  of  the  stable. 

2706.  I»«w«lcr  I1nu3»c. — This  may  vary  from  R  feet 
square  to  llj  X  '-iVl  feet,  for  h<)Uling  small  cjuuntities  of  csplo- 
sives  or  one  or  two  carloads.  It  should  be  built  on  the 
opposite  side  of  n  hill  from  the  mine,  if  poswible,  and  not  less 
Uian  l,(H.KJ  feet,  and  a  mile  aw:iy  from  other  buildings  is 
preferable,  if  the  explosives  arc  in  large  ciuantiiics  and  can 
be  reached  by  a  wagon  road.  The  building  should  Ik;  of 
brick.  stQiie,  or  iron,  and  Khould  have  an  iron  door.  There 
should  be  an  opening  in  the  door,  and  another  at  the  end  o( 
the  building,  f.ir  ventilation  and  to  prevent  explosives  from 
absorbing  moisture  from  the  ground,  etc. 

2707.  \Va*ili-llnuHc.— This  may  be   located   at  any 

place  where  space  will  permit,  convenient  for  employees,  or 
near  the  shops,  or  on  the  slope  of  some  ground  where  the 
drainage  will  be  perfect.  It  is  sometimes  located  near  the 
boilers,  with  the  view  of  drawing  hot  water  therefrom,  but 
this  is  objectionable. 

An  efficient  arrangement  inside  is  to  construct  a  cheap 
brick  furnace  with  grate  bars  2  feet  above  ground  and  walls 
i  feet  high,  on  lop  of  which  may  be  placed  an  iron  tank,  or 
some  old  boiler  may  be  set  between  higher  walls.  Refuse 
coal  and  timber  may  be  used  for  heating  the  water,  which 
can  be  drawn  off  into  tubs;  and  a  water-pipe  with  a  float 
and  faucet  can  be  arranged  to  keep  the  water-supply  in  the 
tank  at  the  same  level. 

Racks  can  be  arranged  around   the  furnace  for  dryii 
clothes,  and  closets  provided  around  the  walls,  if  needed. 
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2708.  'WttlKhfiian'H  orncu.— This  slinuhl  be  at  the 
tipple,  or  near  the  point  wlicrc  the  cars  arc  weighed,  so  that 
the  scale-beam  can  be  erected  therein. 

If  cheoltsaretobeisKuwl.and  the  weights  posted  daily,  pro- 
vision should  be  made  for  proper  Kpace  aroiiiul  the  building, 
to  that  the  daily  weigh  sheets  can  be  pnsted  conveniently 
tor  the  inspection  of  miners,  and  check  boards  arranged  for 
holding  a  supply  of  returned  checks  anil  new  i»nes  for  issue. 

2709.  MlncClcrk'n  l>mcv.— If  the  weighman  per- 
forms the  aforesaid  work,  a  mine  clerk  may  attend  to  keepiiiji 
the  lime  of  employees,  and  may  have  charge  of  storerooms, 
supplies,  etc.,  and  the  issuing'  of  the  same,  in  which  case 
a  storekeeper  is  not  needed. 

The  mine-clerk's  office  should  be  located  handy  to  the 
storeroom  and  supplici,  sn  that  the  taking  of  time  can  be 
most  readily  attcndcti  to. 

If,  however,  the  mine  clerk  attends  to  posting  of  weights 
of  coal  and  issuinf^  and  receiving  checks  and  keeping  of  time 
only,  this  office  will  be  most  conveniently  situated  near  the 
tipple,  if  not  loo  distant,  or  near  ihe  mine  entrance,  so  that 
vreifnh  sheets  may  he  readily  inspected  by  miners  in  passing 
in  and  out  of  the  mine. 

2710.  8tor»(kccp(cr*i«  orncc. — This  is  most  conve- 
niently situated  in  the  storeroom.  It  in  a  separate  building, 
it  should  be  handy  to  the  point  of  unloading  material,  suji. 
plieA,  etc.,  so  as  to  check  the  same,  and  convenient  t<i  the 
different  storehouses  for  issuing  material  to  &hops  and  the 
mines. 

2711.  KhlppiiiK-Clurk'M  Offluc. — It  may  also  be 
necessary  to  have  a  shipping-clerk's  office  near  the  tipple  to 
attend  to  shipments  of  coal,  unless  the  work  can  be  divided 
as  follows  : 

(1)  Weighnian  to  attend  to  the  weighing,  posting,  and 
checks,  and  the  mine  clerk  lo  attend  to  tinie-kccping  and 
shipping:  '»'■  {'J)  llie  wcighmun  t-i  aitcnd  to  the  weighing, 
and  the  mine  clerk  to  attend  u>  posting  weights,  chucks,  and 
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shipping,  and  fltnrckcepcr  to  attend  to  the  supplies  and  ti 
keeping. 

2712.  Mine  Office— An  office  (or  ihe  foreman  or 
superintendent,  as  the  organization  may  require,  should  be 
located  centrally  to  tlit  mine  operations. 

27 1 3.  l'«iiip-lMMpi:t;t«»r'H  Offlvc — At  gaseous  mines, 
an  office  should  he  provided  near  ilje  mine  opening  fi.ir  ilie 
gathering,    inspecting,   cleaning,  and    repairing   of  safety- 
lamps. 

This  office  should  be  provided  with  apparatus  for  testing 
lamps  and  fortesling  f;an)pleK  of  air  gathered  at  pointsunder- 
ground,  where  il  is  desired  to  know  the  amount  of  gas  pres- 
ent, if  any.  In  less  fiery  mines,  the  inspection  of  the  lam^a 
may  he  done  by  the  fire  basses,  at  points  underground,  out- 
side of  the  fire  limits.  An  apparatus  should  also  be  nt  hand 
to  permit  of  entering  gas.sy  places,  in  case  of  accident. 

27  I  4.  Doctor's  OfTictannd  Honpltal. — In  operations 
isolated  from  settled  communities,  the  above  buildings  may 
be  ncccssarj-,  provided  with  proper  surgical  instruments, 
splinu,  handagfs,  and  medicines,  for  treating  burns,  broken 
bones,  and  men  overcome  by  carbonic  acid  gas,  after-damp, 
or  other  accidents. 

The  hospital  should  be  provided  with  cots  and  other  suit- 
able furniture.  One  or  more  stretchers  should  be  kept  near 
the  mine,  for  carrying  injured  men. 

27I5>  Slorc. — If  a  store  is  needed  in  connection  wiLh 
the  operations,  it  should  he  located  near  Ihc  railroad-track, 
if  possible,  to  farilitatr  the  handling  of  merchandise ;  it  need 
not  necessarily  be  near  the  mine,  but  convenient  to  th 
miners"  houses. 

2716.  MincDt*  Hou«»c»«. — These  should  be  located  at 
some  little  distance  from  the  mine  buildings.  A  plot  of 
ground  about  oti'  x  IW  should  be  allowed  to  each  house,  or, 
if  the  space  cn.n  be  allowed,  a))Out  300  feet  square,  so  that 
employees  can  do  some  gardening.  This  should  be  fenced  in; 
and  it  may  be  necessary  to  lay  pipes  to  the  dwelUngs,  to 
jwovidc  a  water-supply. 
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ANTHRACITE  MINES. 

DEFINITIONS. 

2717.  The  name  colliery  is  given  to  the  entire  coal- 
mine plant.  It  tmbracrLs  buth  the  surface  iitiprovements 
and  the  wurkinKH  under  ground. 

The  term  mine  is  ap|)lii;d  to  the  untlcrKToiind  workings, 
shafts,  tunnels,  and  other  passageways. 

271 H.  A  Mliaft  is  a  vertical  opening  through  the  strata 
which  is  or  may  lit-  used  for  the  purpose  of  ventilutiuii  or 
drainage,  or  for  hoisting^  men  ur  material  iu  connection  with 
the  minin)jr  of  coal. 

2719.  A  Hlope  is  am  inch'ned  opening  used  for  the 
same  purposes  as  a  shaft. 

2720.  A  drift  is  a  horiKontal  or  nearly  horiKontal  pas- 
sage driven  in  the  coal  seam  from  the  surface. 

2721.  A  tunnel  is  a  horizontal  or  nearly  honxontal 
pas^ge  driven  across  the  measures. 

2722.  A  Mtrlpplnic  is  an  open  working,  where  the  soil 
or  debris  on  top  ■>?  the  seam  has  been  removed  preparatory 
to  mining  it  by  an  open  cut. 

2723.  The  breaker  is  the  structure  containing  the 
machinery  used  in  tht  [(reparation  tif  the  coal. 


GENERAL  PLAN  OF  ARRANGEMENTS. 
2724.  The  arrangements  of  the  buildings,  tracks,  etc., 
at  anthracite  colUcric^s,  nr  what  are  generally  termed  the 
outside  improvements,  differ  considerably.  This  is  due 
largely  to  the  topography  of  the  surface. 

KoriMMliMortliecopyTlfClii,  v  |>nc«  linmnliittnli'  lolliiwmic  Ilia  lltta  fAtl*- 
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At  a  colliery  with  a  shaft  opening,  the  general  arrange? 
menls   differ  somcwlKiL  fntni  lliosc  rnUifrit'S  where  the  iroal 
is  opened  by  a  slope,  drift,  tunnel,  or  stripping. 

In  case  of  a  shaft,  the  surface  is  more  or  less  of  the  sAiai 
elevation,  while  for  a  »lopc,  drift,  or  tunnel,  a  sloping  surfaoe_ 
is  more  general. 

In  every  case,  however,  at  a  well-arranged  plant  th^ 
structures  erected  upon  liie  surface  shotild  al)  lie  on  the 
same  meridian.  In  this  way  the  sides  and  end.-;  of  the  dif- 
ferent -Structures  are  arranged  parallel  nionc  another.  This 
method,  if  followed,  will  aid  materially  in  the  construction 
of  maps;  bcsidc.<«,  it  gives  a  better  appearance  lo  the  plant 
than  if  the  different  structures  are  located  at  random. 

At  an  Anthracite  colliery  there  may  be  a  shaft,  slope, 
drift,  tunnel,  or  »itnpping;  or  it  may  be  possible  that  all  of 
these  openings  e.xist  at  the  same  colliery. 

If  the  opening  is  a  shaft,  there  is  a  hcad>framc:  H  a 
slope,  provided  the  slope  is  on  a  line  with  the  breaker,  Ihcrc 
is  an  inclined  plane. 

In  case  the  slope  is  at  some  distance  from  the  breaker, 
there  is  an  inclined  plane  and  trestle,  an  inclined  plane  anil 
tracks  on  llie  surface,  or  a  slope  landing;  in  the  last  two 
cases  the  coal  ran  reach  the  breaker  cither  over  a  trestle,  or 
it  can  be  raised  by  steam-power  up  a  vertical  hoist  or  up  an 
inclined  plane. 

In  case  of  a  drift,  tunnel,  or  stripping,  there  arc  trackfi 
leading  to  the  foot  of  an  inclined  plane  or  venicarhoist,  "f 
tracks  leading  to  a  trestle,  where  the  coal  is  dumped  direclb^ 
into  the  breaker  without  using  steam-power  to  elevate  it.  ^H 

2725.  Besides  the  above,  the  following  are  located  on 
the  surface: 

The  Itoistin^'cngint  houses,  with  their  engines,  drtims, 
brakes,  etc. 

The  different  boiler  houses,  with  their  boilers,  feeding 
apparatus,  and  coal-bins. 

The  breaker,  with  its  machinery  for  cracking  and  sizing 
the  coal,  and  the  breaker  E-ngiiie. 

The  blacksmith  and  (arpenter  shops. 


5  35  OF  ANTHRACITE  MINES.  3 

One  or  more  fans  used  for  ventilating  the  underground 
workings. 

Railroad-tracks. 

Offices  :  General  shipping,  and  for  the  superintendent  and 
ngineers, 

Wash-hoitse  for  miners. 

Supply  houses',  oils,  cotton,  iron,  etc. 

Pozvdcr  house. 

Pumping-engine  houses,  containing  pumps  to  furnish  water 
o  wash  the  coal  and  supply  the  boilers. 
Water-tanks. 

Culm  (or  dirt,  or  waste)  and  rock  banks. 

Different  arrangements  for  getting  rid  of  culm ;  as  by  dirt 
)lane,  conveyors,  trestles,  blowers,  etc, 

2726.  Fig.  98fJ  is  a  plan  of  the  outside  improvements  at 
in  anthracite  colliery,  showing  the  arrangement  of  the  dif- 
'erent  structures,  tracks,  dams,  etc. 

This  plan  shows  that  the  breaker  a  is  fed  by  one  main 
ilope  b,  one  tender  slope  c,  two  tunnels  d  and  r,  and  one 
ihaft  not  shown  in  this  plan,  but  the  tracks  leading  thereto 
ire  shown  in  part.  The  coal  from  the  main  slope  b  is  hoisted 
up  a  double-track  plane  <;',  leading  to  the  breaker,  by  means 
jf  the  main  hoisting-engine  f.  The  coal  from  the  tender 
slope  c  is  hoisted  by  the  hoisting-engine  g  and  allowed  to 
run  over  a  drawbridge.  After  running  over  this  bridge,  it 
is  taken  around  the  loop  h  into  the  tunnel  d,  in  order  to 
have  the  car  ascend  plane  a'  with  the  door  in  front.  The 
:oal  from  the  two  tunnels  d  and  c,  the  tender  slope  c,  and 
the  shaft  is  all  brought  to  the  month  ()f  the  main  slope  b  and 
hoisted  up  the  plane  a'  by  means  of  an  engine  with  friction 
drum  located  under  the  breaker.  The  plane  a'  contains  a 
single  track  in  connection  with  the  double  track  used  for 
hoisting  out  of  the  main  slope. 

The  grades  of  the  tracks  leading  to  and  from  the  tender 
slope  c  and  tunnel  d  are  ^o  arranged  that  the  cars  run  by 
gravity.  The  cars  from  tuinifi  c  and  those  from  the  shaft 
are  hauled  by  a  locomotive  which  is  housed  in  the  locomotive 


?25  OF  ANTHRACITE  MINES.  5 

house  i.  The  loaded  cars  are  run  in  on  track  J.  The 
locomotive,  being  in  front  of  the  loaded  cars,  passes  over 
the  cross-over  k  to  the  empty  track,  which  is  elevated  above 
the  two  loaded  tracks  at  the  foot  of  the  plane,  and  continues 
on  a  down  grade  of  2  to  1  per  cent,  to  the  point  marked  /. 
At  the  mouth  of  the  tender  slope  c  is  shown  the  backswitch, 
to  turn  the  cars  so  that  they  may  descend  the  slope  with  the 
door  in  front. 

The  surface  "being  a  sloping  one,  the  boiler  house  m  is  so 
arranged  that  the  ashes  are  taken  out  in  a  small  dump-car. 
The  coal  used  in  this  boiler  house  is  furnished  by  a  small 
dump-car  running  on  an  overhead  trestle,  the  coal-bins 
being  located  within  the  boiler  house.  This  boiler  house 
furnishes  steam  for  the  machinery  in  the  immediate  neigh- 
borhood, the  pumps  inside  the  mine,  and  heat  for  neigh- 
boring buildings. 

There  is  still  another  boiler  house,  to  furnish  steam  for  the 
shaft  engines,  etc.,  which  is  located  at  a  considerable  dis- 
tance from  the  boiler  house  ;;/. 

The  water-tank  n  is  used  to  furnish  the  boilers  with  the 
necessary  fresh-water  supply. 

The  ventilating  fans  o,  o',  and  (/  are  used  to  ventilate  the 
different  inside  workings. 

In  the  blacksmith  and  carpenter  shop  /  the  necessary 
repair  work  of  the  colliery  is  done. 

The  supply  house  g  is  used  in  connection  with  the  black- 
smith and  carpenter  shops,  so  that  the  necessary  supply  of 
iron,  bolts,  nails,  etc.,  can  always  be  kept  on  hand  and 
under  cover. 

The  office  r  is  used  by  the  superintendent  and  shipper, 
and  is  so  arranged  and  located  that  the  shipper  has  a  com- 
manding view  of  the  empty  and  loaded  tracks. 

The  powder  house  s  contains  every  explosive  used  for 
blasting  in  and  about  the  colliery. 

At  the  supply  house  t  the  miners  arc  supplied  with  oil, 
cotton,  shovels,  and  other  necessary  articles  that  are  used 
about  a  colliery. 

The  engineer's  office  //  is  ivln^rc  the  maps,  sections,  and 
different  plans  used  at  the  colliery  are  made. 
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The  wash-house  t-  is  a  liuiltUng  whurt:  the;  men  can  wai 
and   change    Ihcir   cIoihinK-     This  Imililiiig    is    located 
that  it  is  within  easy  roach  06  the  Iravclitiff  my  w  o( 
mine. 

In  the  pump-house  4-  is  .1  pump  which  furnishes  the  wati 
for  Ihe  rlifferenl  s<?rt;ens  used  in  the  sixin^  «»f  conl.  It  alsu 
furnisIicB  water  fnr  the  Jigs,  which  are  used  for  separannj; 
the  slate  from  the  coal,  am!  alsti  the  water  for  ihc  lip  screens, 
over  which  the  coal  passes  int<i  ihc  railroad-cars  for  s\\\\> 
ment.  This  pump  also  furnishes  the  necessary  water  ia 
case  of  fire. 

The  dam_K  holds  the  supply  of  water  for  the  pump  located 
at  A\  This  dam  receives  water  from  the  creek,  shown  in 
the  plan;  but  in  summer,  when  the  creek  supply  is  small, 
the  water  from  the  mine  is  pumped  into  it.  In  very  dry 
weather,  the  water  from  the  lip  screens  is  also  run  back  int^_ 
this  dam  and  used  over  and  over  again.  ^| 

The  dam  y'  furnishes  the  water  for  the  locomotives;  the 
service-pipe  leading  from  this  dam  to  the  lucumotivc  house 
*  is  also  shown. 

The  water  that  i»  used  fur  steam  purposes  is  furnishett  by 
the  dam  y',  the  pumpiiiR  station  x'  being  used  in  connection 
with  this  dam. 

All  Ihc  necessary  sawed  timber  used  at  the  colliery  is  cut 
in  the  steam  sawmill  £. 

In  connection  with  the  barn  ft'asmall  trestle  with  narrow- 
gau^e  tr.Tck  leading  to  the  main  railroad-lracks  is  shown- 
This  track  is  u-scd  to  convey  the  grain  from  the  railroad- 
cnrs  to  the  different  bins  and  places  of  storage  in  the  barn. 
In  the  barn  a  place  is  set  apart  for  the  colliery  ambulance, 
which  is  used  in  case  of  accident  about  the  colliery. 

This  barn,  it  will  be  noticed,  is  not  parallel  with  the  other 
buildings,  but  is  located  to  suit  the  r.T,ilroad-lrarks. 

The  riH'k  and  slaic  bank  c'  is  located  on  a  steeply  sloping 
side-hill,  and  the  trestle  c'  connects  the  breaker  with  it. 

The  slush  bank  (dirt  or  waste  hank)  ('"  is  where  the 
culm,  which  is  conveyed  in  troughs  by  means  of  water,  i:< 
deposited- 
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The  tracks  d'  and  d'  lead  to  the  timber-yards,  wnere  the 
timber  to  be  used  in  the  mine  is  sized  and  loaded. 

The  damaged  cars  are  taken  off  the  main  slope  and  con- 
veyed by  the  track  e'  to  the  carpenter  shop  for  repairs. 

The  ashes  from  the  boiler  house  are  conveyed  over  the 
track  _/"'  to  the  ash-dump. 

The  pit  g'  is  used  to  hold  a  mine-car  which  conveys  the 
lip-coal  screenings  coming  from  the  lump-coal  chute  a'  to 
the  foot  of  the  plane  «',  where  it  is  hoisted  and  dumped  into 
the  brtaker. 

The  turnout  h'  leading  from  the  main  railroad-track  is  used 
to  run  the  empty  cars  over  to  the  empty  sidingsy'  andy. 
From  here  the  empty  cars  are  run  under  the  breaker,  where 
they  are  loaded  and  run  on  to  the  loaded  sidings  or  tiil 
tracks  k\  k',  and  k"\  where  the  loaded  cars  are  allowed  to 
accumulate  preparatory  to  making  up  a  "trip  "  to  be  shipped 
to  market. 

At  /'  is  shown  a  small  opening  driven  to  the  surface  from 
the  inside  workings.  This  opening  is  made  to  dump  the 
condemned  coal  into,  which  by  means  of  a  chute  is  loaded 
into  a  mine-car,  raised  to  the  surface,  and  again  dumped 
into  the  breaker  and  resized  and  reseparated.  This  method 
of  handling  the  condemned  coal  is  a  new  one,  and  proves 
very  satisfactory. 

From  the  artesian  well  m'  the  water  is  pumped  during  the 
dry  seasons  of  the  year. 

The  different  figures,  or  numerals,  shown  on  this  plan  are 
the  elevations  above  tide  at  those  points. 
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2727.     In  the  following  list  the  letters  reter  to  Fig.  986. 

(a)  Breaker. 

(b)  Main  slope. 

(c)  Tender  slope. 

(^*       I  Tunnels. 

(a')      Inclined  plane,  with  three  tracks  leading  to  breaker. 
(/)      Main  hoisting-engine. 
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(i')  Hoisting-engine  for  tender  slope, 

(/f)  Loop  near  tunnel  </. 

(;)  LocoiTi'itivfc  hiiuse. 

(j)  Loaded  track  over  bridge. 

(i')  Cross-over  on  bridge. 

(/)  Empty  track, 

(w)  Biiiler  house. 

(«)  Water-tank. 

(")  1 

(c)  [  Ventilating  fans, 

K)  ' 

(/)  Blacksmith  and  carpenter  shop. 

(ly)  Supply  house  In  blacksmith  shop. 

{r)  Superintendent  and  shipper's  uffices. 

(s)  Powder  house. 

{/)  Supply  house;  nil,  cotto&,  etc. 

(w)  Engineer's  office. 

(i')  Wash-house. 

(ill)  Traveling  way. 

(x)  Pump- house. 

(j-)  Dam  for  breaker. 

(_]■')  Dam  for  kicomotivc, 

{j'")  Dam  for  steam  supply. 

(x')  Pumping  station  for  steam  supply. 

{3)  Sawmill. 

(^')  Barn. 

((•')  Rock  and  slate  bank. 

(c")  Trestle  leading  to  rock  and  slate  bank. 

(c"-)  Slush  bank. 

U')  ) 

(d'\  \  Tracks  leading  to  timber-yards. 

((■')  Track  to  take  cars  off  main  slope 

(/')  Ash-dump  track. 

{g')  Pit  for  lump-coal  screenings. 

'  (tt")  Lump-coal  chute. 

(h')  Main  turnout. 
if) 

U") 


c  Empty  turnouts. 
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(i  )  V  Loaded  turnouts. 

(/')  Condemned-coal  chute. 

{«')  Artesian  well. 


THE  DESIGN  OF  A   PLANT. 


BREAKERS. 

2728.  In  the  designing  of  a  plant,  great  care  and  judg- 
lent  must  be  exercised.  The  designer  must  look  to  the 
uture  of  the  plant  and  not  merely  to  its  immediate  require- 
lents,  unless  only  a  temporary  structure,  commonly  known 
s  a  coffee-mill,  or  penitentiary,  is  required. 

These  structures  are  merely  small  breakers,  used  where 
■verlying  veins  are  worked  that  can  not  be  mined  from  the 
nain  openings,  or  where  pillars  are  robbed  that  have  been 
ift  intact  around  the  main  openings,  on  account  of  some 
ave-in  of  the  main  haulage  roads.  They  are  also  used  to 
upply  the  demand  for  coal  for  domestic  purposes,  or  in  some 
>ut-of-the-way  place  where  the  farmers  are  supplied  with  fuel. 

After  the  main  openings  for  the  colliery  have  been  decided 
ipon,  very  rude  temporary  structures  are  erected  merely  to 
o  the  work  of  "opening  up, "as  it  is  termed.  These  tem- 
•orary  structures  are  so  erected  as  nut  to  interfere  with  the 
ubsequent  erection  of  the  permanent  ones. 

The  first  thing  for  the  engineer  to  do  is  to  run  section 
!nes  and  locate  all  outcrops  and  streams.  Sections  are  then 
onstructed  and  a  temporary  map  made, 

A  meridian  i^  next  selected;  if  the  opening  is  a  slope,  the 
lope  line  is  frequently  taken,  which  is  the  line  on  which  the 
lope  is  driven.  If  the  opening  is  a  shaft,  a  center  line  of 
■ne  of  the  hoistways  is  fre(iuently  taken;  generally  this  line 
i  in  the  direction  of  the  main  haulage  ways  at  the  foot  of 
he  shaft. 

After  the  meridian  has  been  selected,  all  the  buildings, 
r  as  many  as  practicable,  arc  erected  with  their  sides  par- 
llel  to  the  meridian,  so  as  to  secure  uniformity. 
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In  every  case  the  plant  must  be  as  rompart  as  possible, 
and  at  the  ttamc  time  comply  with  all  the  laws  that  arcliuil_ 
down  for  its  construction. 

2729.  Slto  for  Breokcr.^Thcfirst  thing  t()Consi(lcr. 
after  thenpeiiing  nro|M-'ning?i  Uavv  been  dt-cidcd  upon,  i^ibc 
site  for  the  breaker.     This,  in  every  case,  wil!  depend  ut^ifi 
the  mine  opening  or  njicnings  and  the  topofiraphy  »(  ihc 
Country.     Where  the  typography  of  the  surface  permits,  ill* 
location  of  the  breaker  should  be  at  a  jwiint  low  enough  to 
bring  the  top  of  the  breaker  below  the  level  of  the  mouth 
of  the    shaft.  slo|Te,    drift,    tunnel,  or    stripping,    so    that 
a  (Icsrcnding  grade  can  he  obtained  from  the  opening  to 
where  the  cars   are 'lumped.      Such   a  location   is  preferable 
to  all  othcris  but  it  can  n<>t  always  be  obtained. 

In  some  cases  it  is  found  belter  to  locale  the  breaker  in 
line  wilh  the  slopf-,  so  that  the  cars  can  be  hoisted  anJ 
dumped  directly  into  the  breaker. 

In  many  places  where  gravity  can  not  be  used,  or  where 
hoi:>ting  directly  into  the  breaker  is  impossible,  a  mpc  or 
chain  system  is  used,  ttr,  frcijucntly,  a  locomotive  or  an  elec- 
tric motor  conveys  the  coal  from  the  opening  to  the  location 
of  the  breaker. 

One  of  tile  main  points  to  be  taken  into  consideration,  in 
choosing  a  site  for  a  t>Tcakcr,  is  the  location  of  the  shipping 
tracks,  fur  in  all  cases  the  breaker  is  so  located  thai  railroaib 
tracks  can  be  constructed  with  sidings  having  grade  sufficient 
to  move  the  car»  by  gravity. 

The  location  ol  the  breaker  being  decided  upon,  the  exca- 
vations for  the  masonry  fuundatiuns  arc  immediately  pushed 
forward. 

2730.  The  Mnnonry  for  a  Urcnker. — This  is  a  class 
of  work  that  is  a  inaiterof  choice;  some  prefer  acontintious 
wall,  where  a  sill  is  used,  as  in  Fig.  a87,  where  a  shows  a 
side  view  and  &  an  end  view  of  the  wall,  with  sill  and  post 
in  place. 

Others  prefer  a  pier  f  and  capstone  </,  as  shown  in  Pi^ 
987*     In  this  case  the  post  rests  cither  directly  on  thecal 
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stone  or,  as  i«  often  the  case,  a  small  piece  of  No.  8  sheet  iron  t 

is  placed  between  the  pust  and  capstone,     Or,  a  cast-iron  shoe 

niay  be  used  instead  of  the  sheet  iron      Still  others  prefer 

«  coDtirauous  wall  /,  with  capstones  ^f",  ^  for  the  posts,  also 
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as  shown  in  Fig.  iJ«7.  As  in  the  above  case,  cithL-r  a  piece 
of  sheet  iron  is  used  tir  a  cust-iron  shoe  is  placed  between 
the  post  and  capstone.  These  walls  are  generally  hammer- 
dressed,  set  in  mortar  or  cement,  while  the  capstones  are 
all  tool-dressed.  

STEAM    PLANT. 

2731.  The  breaker  location  belngdetermined  upon,  the 
next  site  to  be  selected  isfor  thcNtcam  plant.  The  fh nice 
of  location  is  in Ruenccd  by  the  Anihraciit  Mine  Law  of  Pcnn. 
sylvania.  which  specifics  that  "it  shall  not  be  lawful  to  place 
any  boiler  or  boilers  for  the  purpose  of  geiieratin^j  steam 
under  nor  nearer  than  one  hundred  (HW)  feet  to  any  coal- 
breaker  or  other  slruetiire  in  which  jwrsons  are  employed  in 
the  preparation  of  coal." 

The  location  of  the  steam  plant  for  the  breaker  and  the 
immediate  hoisting  and  pumping  engines  should  be  such 
that  the  arrangement  for  supplying  the  plant  with  fuel  is  as 
simple  and  inexpensive  as  i.K)Sftihlc.  Very  often  the  topog- 
raphy of  the  surface  permits  the  erection  of  a  chute,  through 
which  the  coal  is  run  direct  from  the  lirL-aktT  to  the  plant, 
and  distributed  by  what  are  calttfd  tclcarapht*.  Al  times 
it  is  very  convenient  to  ]>ut  ii]>  a  srtiaU  pocket  for  the  boiler 
supply,  and  convey  the  ccjal  to  the  boilers  by  means  of  an 
overhead  trestle  and  small  dumper. 
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In  another  case,  it  may  Ue  convenient  lo  put  up  a  system 
of  conveyors.  In  every  instance,  two  main  objects  must  Uc 
kept  in  view:  First,  that  of  supplying  the  steam  plani  willi 
fuel;  second,  that  of  having  the  plant  hn^atod  as  cenlrilly 
as  ]H>i«sible,  su  that  the  jite^ni,  in  tr^i'elJn^  to  the  dilTcrcu: 
places  of  usage,  will  be  subjected  to  as  little  condensationi 
possible. 

One  great  point  is  to  have  the  Alcam  plant  all  under  < 
cover,  and  not  to  have  one  set  of  boilers  for  the  breaker  il 
one  plaLX-  and  a  set  for  tlie  hoisling-yngincs  at  another. 

Of  coursf,  where  the  opf^nings  are  at  a  very  great  disuinte 
from  the  main  structure,  it  is  not  to  be  expected  that  all  the 
boilers  can  be  tmdcr  ihc  same  cover. 

2732.  The  hantlling  of  the  ashes  from  a  steam  plant  if 
always  a  secondary  consideration.  Frfijucntly.  the  Mirfaic 
will  permit  of  the  erection  of  a  plant  vrherc  a  pit  a,vi- 
sh<)wn  in  Fig.  !lS8,  cun  be  dug  directly  in  front  of  the 
boikrs,  so  that  a  small  dump-car  can  b«  used  to  convey  the 
ashes  to  the  ash-dump.  Sometimes  a  line  of  conveyors  is 
put  in  to  handle  the  ashes  in  this  pit. 

In  case  a  pit  is  constructed  and  a  dunip*car  used,  the  pit 
should  be  open  at  both  ends,  oihcrwisc  there  is  a  possi- 
bility  of  gases  accumulating  in  the  pit.  A  case  is  on  record 
where  the  pit  was  closed  ut  one  end  and  deadly  gases  accu- 
mulated. The  continued  absence  of  the  man  removing  the 
ashes  was  noticed,  and,  upon  Kearuhirg  for  him,  he  was 
found  dead  in  the  pit  from  having  inhaled  llie  ga*es,  A 
method  HDmclimcs  employed  in  removing  the  ashes  is  by  a 
small  dump-car  running  on  a  track  located  directly  iu  front 
of  the  lirt:-boj!. 

Most  frequently  a  cart  and  mule  or  a  man  and  whcrl- 
barrow  are  used. 

2733>  The  steam-boilers  in  use  at  the  present  day  are 
so  numerous  that  the  engineer  or  person  in  charge  will  have 
no  trouble  ill  nutkiiig  a  selection  to  suit  his  wants.  The  old 
style  of  cyLiiulrical  boilers  is  giving  place  to  a  style  that  u 
better  adapted  for  the  mines  of  the  aiilhracilc  region. 
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The  Stirling  watcr-ttibe  boiler,  the  Babcock  Be  Wilcox 
water-tube,  the  National  water-tube  bnJter,  and  others  of  a 
siinitar  type  are  in  numerous  instances  replacing  the  old 
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style  of  cylinder  boilers.    They  are  better  steam-generators, 
and  are  more  eflicient  fur  the  same  amount  of  roal  used. 

2734.  It  matters  not  what  boiler  is  decided  upon,  the 
foundation  for  the  same  should  be  very  KuhstanLial.  In 
excavating,  a  good  solirt  bottom  must  be  secured,  so  that  in 
after  years  no  trouble  will  arise  from  the  watts  sellling. 

The  stunewiirk  upon  whioh  brick  walls  are  erected  to 
enclose  the  boilers  should  be  brought  up  out  of  the  ground 
at  least  to  such  a  height  that  the  wall  will  he  on  the  same 
level  as  the  front  piers  supporting  the  boiler  house,  as  shown 
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al  A  and  c  in  Pig;.  IIR8.  H  this  method  is  followed,  scarcely 
any  trouble  will  be  experienced  wlten  the  boiler-house  floor 
is  laid. 

Generally,  the  stonework  is  simply  a  bamraer-dreswdl 
wall.  The  brickwork  is  generally  set  bark  from  the  face  1^] 
the  stcmcwork  frum  6  to  8  inches,  as  shown  at  d  and  d*^ 
Fig.  988. 


BOII.HH  HOUSE. 

273A.     The  boiler  houses,  as  commonly  built,  arc  frame^ 
structures.     The  rudest  kind  of  a  shed  an.swc:rs  the  piirpusc 
at  some  collieries,   but  quite  substantial   stone  and   brick 
houses  arc  seen  at  others. 

Fig.  'Jss  shows  the  side  elevation  of  a  framing  for  a  Vioik'r 
house  often  used  in  the  aiUhra^-ile  region.  The  sheathing 
most  commonly  used  is  3-inch  white  pine  or  hemlock  boards 
or  sheets  uf  corrugated  iron. 

The  covering  for  the  roof  may  be  cither  shingles,  corru- 
gated  iron,  or  slate.  In  case  a  shingle  or  corrugated-iron 
roof  is  put  on,  it  should  be  coated  with  a  good  covering  of 
mineral  paint.  Some  prefer  a  slate  roof  to  all  others  for 
boiler  houses.  They  complain  of  the  shingles  warping  nn 
account  ui  the  steam,  and  the  iron  curroding  in  case  both 
sides  are  not  kept  well  covered  with  a  coat  of  paint.  ^^ 

In  the  designing  of  a  boiler  house,  the  members  nf  th^" 
different   trusses   must   be    made    high   enough  above  the 
boilers  .so  that  they  do  not  interfere  with  the  erection  of  the 
steam  connections. 

Another  point  to  have  in  view  is  the  location  of  the  doors, 
so  as  to  give  the  men  in  charge  of  the  boilers  the  benefit  of 
any  breeze  in  snnimcr-timc.  To  do  this,  the  post  c  holding 
the  door  should  be  set  back  a  little  from  the  face  of  the 
boilers.  The  boiler  house  should  be  constructed  so  as  to 
give  ample  room  in  front  of  the  boilers  for  a  supply  of  coaL^ 
that  will  last  several  days.  Every  boiler  house  should  havdj 
a  ventilator  /,  to  allow  the  steam  and  gases  lo  escape.  The 
floor  of  the  boiler  house  should  be  laid  so  that  it  slop 
towards  the  boiler. 
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273fl.  Il  is  economical  to  have  a  fccd-watcr  heater 
located  in  the  boiler  house  or  at  somt;  placo  near  by,  so  that 
the  watLT  before  (.■iiiL-ring  ihL'  boilers  can  be  heated.  There 
are  various  forms  of  feifd-water  beaters  in  use;  one  that  is 
very  simple  in  construction  is  a  cylindrica]  boiler  fitted  up 
for  the  purpose.  The  water  is  heated  by  riin»iiij(  the 
cxhaust-st«am  into  it  from  the  breaker  engine,  the  hoiKtinf;- 
cnginc,  A  puraiJiiiK-eiiKinc,  or  from  the  fan-engine.  It  is 
also  arranBed  .sn  that  a  jet  n(  steam  can  be  used  at  any  time, 
as  at  night,  when  the  engines  are  not  in  use. 

2737.  In  the  anthracite  regions  at  the  present  day 
much  attention  is  paid  to  the  different  methods  that  utilize 
the  finer  sizes  of  coal  and  cuhn  for  steam  purposes.  The 
mcMit  improved  system  of  );ratcs  and  blowing  apparatus  is 
used,  whereby  the  finer  sizes  nf  roal,  and  v<?ry  often  nilm, 
can  be  burned. 

Where  cidm  is  u^ed,  a  great  deal  of  hard  manual  labor  is 
required.  To  overcome  this,  a  mechanical  stoker  is  some* 
times  employed,  which  can  he  easily  attacheil  to  almost  any 
stationary  boiler  in  use  at  the  present  time.  With  this 
arrangement,  the  manual  labor  is  reduced  to  a  minimum. 


HO  I  ST  1  \4i  -i:N(i  I N  Ba. 

273fl,  The  |r>cation  of  the  different  hoisting-engines 
used  about  a  colliery  depends  upon  the  kind  of  opening, 
whether  it  is  a  shaft  or  slope,  upon  the  tupu)>;raphy  of  the 
surface,  and  the  Itjcation  of  the  opening,  whether  it  is  in 
connection  with  the  breaker  or  at  some  distiance  from  it. 

With  a  shaft  opening,  the  distance  between  the  hoisting- 
engine  and  head-frame  should  be  such  that  the  rope  will 
coil  regularly  on  the  drum.  Il  should  also  be  located  so 
that  it  will  not  be  necessary  to  put  carrj-ing  pulleys  between 
the  drum  and  head-frame  to  overcome  the  violent  oscilla- 
tion of  the  rope  that  results  fr<im  an  improper  location. 

2739.  fn  case  of  a  shaft,  an  arrangement  called  a 
vcrClcol  holHt  is  employed,  except  where  the  coal  is  con- 
veyed to  the  top  of  the  breaker  by  means  uf  tracks  or  chute; 
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or,  as  is  very  often  Hit;  case,  Iiy  an  Inclined  hoUt.  Pra 
the  Anlhracite  Mine  Law  of  Ptnnsylvaiiia  specifit^  that  "n" 
inflammable  structure,  »ther  than  a  frame  to  xustuiii  pulUjt 
or  sheaves,  shall  l>e  erected  over  the  entranre  of  any  open- 
ing cnunecting  the  surface  with  the  tiiiciergrnund  wnrkingt 
of  any  mine,  and  no  breaker  or  other  inflammable  siruclurt 
or  Rtructiirtrs  for  the  preparation  or  storage  of  coal  shall  he 
erected  nearer  than  3(10  fwt  to  any  such  oijcning."  In  case 
of  a  vertical  hoist,  Che  winding^englne  used  to  ojwrate  this 
hoist  is  generally  located  in  the  lower  part  of  the  breaker,  or 
the  breaker  engine  may  be  used,  the  drum  being  proia^^^ 
with  a  friction -clutch.  ^^H 

At  collieries  where  the  coal  is  raised  through  a  sTope, 
and  the  slope  is  connected  with  the  main  stnieture  by  an 
inclined  plane,  the  location  of  the  engine,  if  the  topography 
will  permit,  is  on  line  wilh  the  nlopc  at  ^ome  point  back  of 
the  breaker.  On  a  side-hill  this  location  h  preferable  to  all 
others. 

2740.  Where  hoisting  is  done  over  the  breaker,  the 

winding-engine  i«  soraetime-i  located  within  the  I'->\rer  part 
of  the  breaker.  This  is  very  poor  practice,  and  should  Iw 
avoided,  for  a  number  of  breakers  have  been  destroyed  by 
fire,  the  origin  of  which  was  directly  r>r  indirectly  trai^eable 
tu  the  engine  mom.  Again,  the  rope  passing  through  the 
breaker  on  its  way  to  the  drum  is  an  annoyance,  and  often 
interferes  with  the  erection  of  improvements  that  arc  de- 
sirable in  the  breaker  after  it  h:is  been  in  operation  for 
some  time. 

2741.  In  case  of  slopes  that  arc  located  some  dis- 
tance from  the  main  structure,  the  drum  for  the  winding- 
engine  or  engtneis  Rhould  l)e  located  <inc  hundred  and  fifty 
(150)  to  two  hundred  {*(X))  feci  from  the  knuckle,  iM>  as  to 
secure  a  snfTicient  distance  between  the  knuckle  pulley  a  and 
the  drnni,  that  the  rope  raay  coil  regularly  on  the  drum. 
In  case  the  drum  i»  above  the  level  of  the  tracks,  the  height 
in  connection  with  the  distance  should  be  such  as  not  to  in- 
terfere with  the  hitching  and  unhitching  of  the  car,  and  at 
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the  same  time  give  ample  room  for  the  arrangement  of  the 
empty  and  loaded  tracks. 

When  the  winding-etigine  and  drum  are  placed  below  the 
level  of  the  slope  knuckle,  the  rope  is  sometimes  passed 
through  a  slide,  twelve  to  eighteen  feet  long,  working  like  a 
cross-head  between  guides.  The  slide  is  attached  to  a 
Counterweight,  and  the  hole  through  which  the  rope  plays, 
although  large  enough  to  pass  the  rope  freely,  will  not  pass 
the  rope-socket,  the  hook,  or  a  stop  placed  on  the  chain. 
After  the  loaded  car  is  detached,  the  drum  is  turned  back 
One-quarter  or  one-third  of  a  revolution ;  the  counterweight 
•ipon  the  rope  keeps  it  tight  upon  the  drum,  and  pulls  it  out 
to  within  a  few  feet  of  the  knuckles,  where  the  empty  car  is 
to  be  attached. 

In  many  cases  where  the  winding-engine  is  below  the 
^'ope  knuckle,  the  rope  coming  from  the  winding  drum  is 
Passed  over  a  sheave  wheel  set  on  a  frame,  which  is  built 
'>igh  enough  to  bring  the  rope  above  the  level  of  the  tracks 
^t  the  head  of  the  slope. 

2742.  At  many  of  the  anthracite  collieries  hoisting- 
engines  are  located  on  the  surface  to  operate  inside  slopes 
and  shafts.  Where  such  engines  are  in  operation  the  rope 
is  led  from  the  drum  into  the  mine  through  a  bore-hole,  or 
in  many  cases  it  is  conveyed  through  an  old  breast  that  is 
worked  to  the  surface,  or  through  a  traveling  way,  pump 
way,  airway,  or  an  air-shaft  opening. 

These  engines  are  erected  upon  the  surface,  in  many 
cases,  to  avoid  the  damaging  efifccts  that  the  steam  has  on 
the  inside  workings  when  they  are  located  untlerground; 
besides,  there  is  then  no  loss  of  steani  by  condensation  from 
conveying  it  a  great  distance  into  the  mine.  Where  these 
engines  are  in  use,  they  usually  are  set  from  100  to  150  feet 
from  the  bore-hole. 

Instead  of  erecting  these  engines  on  the  surface  to  over- 
come the  disadvantage  of  exhausting  into  an  airway,  the^ 
are  sometimes  put  down  in  tlie  mine,  and  the  cvhaust  fnmi 
the  engines  is  led  into  a  gond-siiiecl   bore-hole  that  has  been 
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lined  In  kccpaiit  the  water  from  ihc  strata  it  passes  thrmigk 
n«rc-ho]cs  arc  also  iiscil  for  conducting:  the  litcam  into  ihej 
inside  workings  from  ihc  surface. 

2743.  ICnjjines  that  are  used  to  lower  and  hoist  mtn 
into  and  out  of  the  miiiK  (these  are  generally  the  main 
winding-engines)  shnuSd  be  separated  from  all  other  enginw 
or  machinery  and  from  the  sound  uf  gongs  used  for  siyiiiil 
purposes  for  other  machinery,  so  that  the  attention  of  the 
man  in  charge  of  the  engine  will  not  be  drawn  away  from 
his  Work, 

2744.  Anthracite  collieries  have  all  types  and  class« 
of  engines.  The  engines  used  for  hoisting  purposes  arc  of 
the  hiirizontal  high-pressure  type,  cither  direct-acting  or 
geared,  single  or  double. 

Where  a  large  number  of  minc-carsmust  he  handled  daily, 
powerful  double  direct-acting  engines  arc  necessary. 

For  iiingle-track  slopes,  engines  which  have  drums  loose 
on  the  shafts  are  used.  These  are  prevented  fr<)m  revolv- 
ing by  means  of  a  friction-clutch. 

The  friction-cliitch  can  be  applied  to  such  a  drum  with 
equal  facility,  whether  the  engine  is  at  rest  or  in  motion. 
When  this  arrangement  fir.'^t  came  into  use,  the  friction- 
clutch  was  applied  by  means  of  a  hand  or  foot  lever,  but  at 
present  it  is  applied  by  steam.  The  improved  device  te  con- 
structed so  as  to  gradually  engage  the  drum  as  it  is  thrown 
into  gear,  thus  avoiding  shuck  or  strain  on  any  part  of 
the  engine. 

The  load  is  lowered  by  means  of  a  powerful  hand  or 
steam  brake,  or,  at  the  option  of  the  operator,  hy  the  fric- 
tion itself. 

2745.  The  principal  requirements  of  anthracite  wind- 
ing-engines are: 

1.  The  engine  must  be  thoroughly  under  the  control  of 
the  engineer,  so  that  it  can  (a)  be  quickty  stopped  when 
running  at  full  speed,  and  {/')  he  moved  with  certainly  and 
nicety  through  a  small  fraction  of  a  revolution.  This 
necessary  in  landing. 
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2.  It  must  bi!  (:ai>al)ltr  of  Iming  quickly  started  with  full 
loud  at  any  |>;irt  >j(  ihe  strulce. 

Z.  It  must  be  capable  of  attaining  full  speed  in  two  or 
three  revolutions. 

4.  Great  strt-nffth  in  every  pan  is  absolutely  essential  to 
prevent  lireakage  from  the  severe  shttfks  to  which  winding. 
engines  are  always  subjected. 

6.    It&  ronftt ruction  must  be  a«  simi>le  u.s  possible. 

6.  Every  part  of  the  engine  and  drum  should  be  easily 
aoccMiihlc,  to  facilitate  repairs. 

27-46.  I>rufii!». — Thr  tlriims  in  use  for  hnislinfj-L-ugines 
are  of  ditfcrcni  types,  and  arc  seldom  Jess  Uian  (J  feet  in 
diameter. 

Cylindrical  drums  arc  in  more  general  use  than  any  other 
type,     except    for     very 
large    shaft    engines, 
where  the  double  conical 
drum  is  generally  used. 

27-47.  Ill  Fig.  989, 
(a),  (A),  and  (c)  show  the 
types  of  drums  generally 
used  at  collieries  in  the 
anthracite  region ;  {a)  and 
{*)  arc  for  slope  engines, 
and  thcdnim  (r)  for  sh.ift 
engines. 

The  type  shown  at  {a) 
is  usually  constructed 
with  florSxpidcra  having 
C  or  8  arms,  surrounded 
by  a  lagging  of  timber 
from  C  to  8  inches  thick.  " 
The  part  a  is  one  of  the 
flanges  or  horns  ihut  are 
iisod  to  comply  with  Sec- 
tion  lis  of  the  Anthracite 
Uinc  Law  of  Pcimsylvania. 


^j  ''''mm 
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These  flanges  are  sometimes 
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cast  in  one  piece  with  the  ilrum  spider,  or,  as  is  very  often  the 
case,  llie  nuiigeii  are  rasl  separately  and  linlled  tn  the  druia. 

Tlic  place  for    ihc  lirakf  hand  is  shown  at  a'.     This  ifll 
SDrnctimus  cast  in  conneciioii  with    tlic   spider,  especially 
where  u  steam  Irnike  i^  UNetl. 

Wlien  Lhc  part  a'  on  whicti  the  brake  band  is  closetl  is  not 
cast,  blocks  frnin  i:  to  s  inches  thick  are  bolted  to  the  Ug- 
ping  of   ihii  dniiti,  or  the  brake  is  applied  directly  to  il 
(Iniin  laggings.     This,  of  course,  is  a  very  poor  practice. 

The  drum  (/')  is  a  cast-iron  one,  and  is  in  use  at  but  (ei 
collieries  in  the  anthracite  regions. 

The  double  conical  drum,  (r)  generally  has  an  attachment 
on  its  inner  side  to  adjust  the  rope.  This  is  of  great  Wnefit 
for  shafts,  for  after  the  rope  has  been  in  use  for  some  time 
one  end  or  the  other  needs  adjusting.  ^| 

When  the  engine  is  not  direct -acting,  the  spiir-whcel  used^ 
for  driving  the  drum  is  often  placed  in  the  center  of  the 
drum,  instead  of  at  cither  end.  This  has  been  considered 
one  of  the  beat  plan.s  fur  geared  engines,  as  it  reduces  and 
localises  the  torsional  strain  to  which  the  druru  shaft  is 
subjected.  ^H 

2748.  BrakcH,— A  great  number  of  different  types  of 
drum  brakes  are  in  ».^  at  the  present  lime.  The  old  style 
of  brake-blocks  are  fast  giving  way  to  the  iron  band,  which 
is  now  ill  general  use  throughout  the  anthracite  region. 
Tliis  band  is  operated  by  hand  or  steam-power.  In  rase  of 
n  htmd-lcvcr,  the  force  is  multiplied  by  using  several  short 
levers.  Where  steam  is  used  to  apply  the  force  ayaiii>l  t 
brake-lever,  the  brake  is  generally  termed  a  Ktvaui-brak' 


2749.  Steam-hrakes  for  hoisting  and  haulage  cngin 
have  always  been  considered  very  desirable,  but  trouble  was 
met  with  in  their  use  on  account  of  the  sudden  jumping  and 
irregular  movement  of  the  piston,  and  the  shock  to  the 
cylinder  and  its  connected  mechanism  at  the  end  of  the 
stroke.  This  appears  to  have  been  overcome  in  the  da>iigii 
of  the  Zehnder  stcam-brakc.  shown  in  Fig.  !tHO.  This  con- 
sists of  two  cylinders,  the  upper  one  being  an  air-cylindet 
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with  a  port  conlmlktl  by  a  valve  of  peculiar  cotiBtriiction 
Hear  each  end.  The  lower  cvliiKlvr  iV  a  steam-rylinder. 
Boih  cylinders  are  siippliwl  with  a  pistDii  and  |iistnn-r()d, 
Connecletl  wllh  each  other  by  a  cmsK-hcatl.  On  the  cross- 
hejd  cniinecting  the  twn  pisioii-rnds  Is  a  pin  which  is  con- 
nected with  ihe  lever  leading  tn  and  working  the  liruke 
dcrice  on  the  drum.  The  air-cylinder,  which  receives  its 
siir  through  the  valves  lucalcd  mh  the  top,  Torins  an  air- 
cushion  which  ])rc*ventii  the  steam  piston  striking  against 


Pm.wo. 

the  end  of  the  sieain-eylindcr;  a  hand-operating  lever  is 
attached  to  the  power  brake  in  such  ;i  manner  that  it  can 
be  u.wd  to  set  the  brake  ui  t.a*es  vi  emergency,  and  at  the 
same  time  not  interfere  with  the  movements  of  the  steam 
mechanism. 


BREAKI^R   KNCINB. 

27flO.  The  breaker  engine,  wliicii  is  the  engine  used  to 
drive  the  macliitiery  conncctcil  with  the  breaker  in  the 
preparation  of  «.-oa!,  is  generally  loeaieil  in  the  lower  jiart 
of  the  breaker. 

There   are    breakers  where    the   engine  is  located    wsmc 
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distance  away,  so  as  to  guard  as  mucli  ns  possible  agjiiwl 
iire. 

Where  ihe  engine-house  is  separated  from  the  main  strtc 
Hire,  a  wire  nipeis  used  for  tran^miiting  the  power. 

Ill    ihe    latest   const riictinn   of    anthracite    breakers,  the^ 
lireakcr  engine  is  placed  within  the  main  structure. 
would  si;cm  to  indicate  the  pro|K'r  place  f«ir  the  engine,  ff^ 
the  |>ower  will  be  mure  direct,  and  in  case  of  accident  llie 
man  in  ebargu  of  the  engine  can    oftentimes  discover  it 
before  he  is  *;ignalfld. 

The  breaker  engines  are  generally  of  the  horizontal  tv] 
and  both  single  and  double  ones  are  in  use.     Their  site  will 
depend  upon  the  amount  of  machinery  in  use. 

Very  ofttn  engines  arc  liKiatcd  in  different  parts  of  the 
breaker  tu  run  a  special  piece  of  machinery,  and  sometimes 
a  separate  engine  is  uBcd  t«  run  each  set  of  jigs, 

By  the  use  of  these  different  engines  a  great  deal  of  work 
i«  taken  away  from  the  main  breaker  engine.  However,  it 
!»  better  practice  to  operate  everything  in  the  breaker,  with 
the  exception  nf  the  jigs,  by  one  engine. 

A  breaker  engine  must  always  be  powerful  enough  to 
supply  extra  power  in  case  it  is  necessary  to  put  in  improve- 
ments after  the  breaker  has  been  in  operation  for  some  time. 

The  size  of  iioistmg-engfines  can  be  very  readily  eom- 
puteJ.  but  a  breaker  engine  is  generally  selected  by  com- 
parison with  others.  If  u  f2.5-hursc[»ower  engine  is  in  use 
at  a  colliery  preparing  1.500  tons  of  coal  per  day,  and  the 
new  pliint  has  coal  of  about  the  same  grade,  needs  about  the 
same  amount  of  machinery  to  prepare  the  coal,  and  Carrie* 
the  same  pressure  of  8tea.m  through  the  same  length  of  pipes 
from  boilers  to  engine,  a  good  basis  is  at  hand  f«ir  making 
the  selection. 

E%-cry  breaker  engine  should  he  fitted  up  with  a  governor, 
so  the  speed  of  the  engine  may  be  regulated.  It  should  also 
have  a  self-acting  lubricator,  one  tliut  can  be  set  so  that  the 
cylinder  can  receive  a  sufficient  quantity  of  the  lubricant. 
The  ditferenl  journals  of  the  engine  should  also  be  supplied 
with  self-oiling  cups,  for  in  mo&l  breaker-engine  rooms  there 
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■■  more  or  las  du£l,  and  this,  with  ihe  continual  runninf;  of 
ihc  engine,  rvtiuires  the  journals  to  be  well  supplied  with  oil. 

275  !•  Indlcntlntc  I^niclnvn. — Some  coal  companies 
in  ihc  anthrAcile  regiini  p^y  muili  attention  to  the  indicating 
of  enf^ne^  Economy  of  steam  i.s  their  prime  motive,  and 
to  attain  it  the  old  style  of  slifle-valve  engine  is  giving  place 
to  those  special  ilrsigns  wrhirh  admit  of  a  greater  numkwr  of 
cxpansionx  than  can  be  obtained  with  the  ordinary  slide- 
Valve.  Such  valves  arc  better  adapted  to  breaker  nild  fan 
engines,  which  run  continuously,  than  t<>  hoisting-engines, 
Where  there  is  a  continual  starting  and  stopping. 

2752>  I'^HElnv-  I'oiintliiilonM. — A  great  deal  of  atlen- 
ti^n  is  paid  to  the  engine  loundations  al  the  present  day. 
Almost  without  exception  ihey  are  built  of  stone,  The  stone 
of  which  the  foundations  are  constructed  may  be  of  any 
kind,  so  long  as  it  is  durable.  Most  mining  pro]iertie!«  have 
an  abundance  of  cnnglomcralc  rock,  which  will  answer  very 
well  for  engine  foundations. 

fn  cxc^avating,  a  good  ssolid  bottom  is  sought,  and  very 
often  masonry  is  built  on  the  bed-rock.  .The  general  practice 
is  to  build  the  foundation-bolts  in  the  masonry. 

Wooden  templets  are  made  at  the  shops  where  the  engines 
arc  manufactured,  and  sent  to  the  colliery.  They  are  set' 
up  on  Kumc  framing  erected  about  the  excavation.  Some 
line  on  the  templet  is  assumed  in  connection  with  the  lines 
of  the  sIojm:  or  shaft.  The  templet  is  leveled  up  and  put  in 
position  by  an  experienced  mechanic. 

In  finishing,  the  top  of  the  foundation  is  made  as  nearly 
level  as  possible.  After  the  he<l-plaie  nt  I  he  engine  has 
been  set  in  position,  it  is  leveled  up  by  introducing  small 
iron  wedges  lietwcen  the  bcd-plalc  and  ihc  top  of  the  foun- 
dation. After  the  foundation-b'ilts  hate  been  securely 
drawn  up,  sulphur  is  used  to  fill  up  the  small  openings 
existing  between  the  bcd-platc  of  the  engine  and  the  top  of 
the  foundation,  so  as  ti>  give  the  engine  a  solid  bearing 
throughout. 

The  height  to  which  the  foundations  are  brought  up  is 
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froverncd  very  often  b>-  the  topography  of  the  surfaw,  tmi  i 
mostly  by  the  :iinoiiiu  of  olearaiic*?  iieedvd  by  the  druns,] 
fly-wheels,  and  bull  wheels  that  are  in  use,  and  also  bjlbc] 
amount  of  stunc  nccciisary  la  insure  absotiitv  ^lability. 

A  distance  of  H  to  li  inches  is  not  too  niUL-h  span  lo] 
allow  between  the  edge  of  the  bed-plate  and  the  sidta  of] 
the  foundation.  . 

IIHAIXAGK   AND  PrMPIKG   MACHIXKMV. 

2753.  The  pumping  machinery  used  about  an  anilir 
cite  mine  is  for  draining  the  mine,  supplying  the  built 
with  walfr,  supplying;   tlic  Ji(Ter«nt  wasbint;  apjiaratus  iri 
and  about  the  bruakt-T,  or  for  us<;  in  case  of  fire. 

In  mine  drainage,  the  water  that  can  be  caught  by  a 
water-level  gangway,  opening  by  drift  or  tunnel  to  the  sur- 
face, is  conveyed  by  gravity  directly  fruin  the  mine. 

The  water  in  a  mine  lielow  water  level  is  cither  pumped 
out  by  a  pump  loratrd  on  the  surface  or  in  the  mine,  or  it  i* 
iioistfd  by  tlif  winding-engines  in  a  fipccial  car,  known  a^ 
the  water  car. 

2754.  There  av  two  eludes  nf  pumps  in  common  use 
in  the  anthracite  rL'ginn  for  draining  mines — the  onlsiJt 
flHagtr-pumps  and  the  inside  sttam*fHmps. 

The  first  class  of  pumps  is  arranged  on  the  surface 
diriictiy  over  or  in  line  with  an  opening  called  the  pump 
way,  down  which  the  pump-rods  and  column  pijtes  are 
carried  into  the  mine.  The  class  of  outside  pum(>s  which 
meets  with  most  favnr  ;it  the  present  time  in  the  anthraciie 
region  is  the  hiill-ptmip.  < 

Steam-piiinps  of  almost  at)  forms,  sixes,  and  makes  are  m 
he  found  inside  the  minus  throughout  the  anthracite  region. 
The  numiier  of  collieries  at  which  do  steam-pumps  arc  used 
is  comparatively  small. 

The  inside  steam-pumps  are  nearly  all  plunger-pumps,  as 
they  are  more  suitable  for  the  stnmgly  acidulated  mine 
water  than  the  ordinary  piston  pumps.  ^J 

The  tJoyiic,  Jcancsville,  Sto<-kion,  Allison.  Wnrihingtofl^ 
Cameron,  Knuwlcs,  and  Laid  I  aw -Dunn-Gordon  are  some  of 
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the  steam-pumps   most  commonly  used   in  the  anthracite 
region. 

At  some  of  the  mines,  instead  of  using  steam  to  operate 
the  inside  pumping  machinery,  compressed  air  or  electricity 
is  employed.  Where  this  is  done,  the  generating  plants  are 
erected  on  the  surface  at  some  convenient  place  near  the 
mine  opening. 

2755.  At  collieries  not  provided  with  pumping  machin- 
ery, the  water  is  raised  by  the  winding  machinery  in  a 
water  car. 

At  slope  collieries  this  car  generally  consists  of  an  old 
cylindrical  boiler-shell  provided  with  large  flap-valves,  and 
mounted  on  the  bottom  framing  or  truck  of  a  mine-car. 
When  coal  is  not  being  hoisted,  the  water  car  is  run  on  the 
slope  and  the  water  raised.  The  valves  are  so  arranged 
that  when  the  car  is  lowered  into  the  water  the  boiler  is 
filled,  and  on  reaching  the  surface  it  can  be  quickly  emptied 
by  means  of  a  lever  opening  the  valves. 

At  shaft  collieries  the  water  car  is  of  special  design,  and 
is  generally  attached  directly  to  the  rope,  the  cage  being 
detached  during  the  operation  of  hoisting  water.  These 
water  cars  or  tanks  are  also  filled  at  the  bottom  of  the  shaft 
by  a  valve  arrangement  in  the  bottom  of  the  car.  and  are 
emptied  by  an  automatic  arrangement  at  the  surface.  The 
pumps  for  outside  purposes  arc  similar  to  those  mentioned 
in  the  list  of  steam-pumps  fur  use  inside  the  mine,  but  of  a 
smaller  pattern. 

HEAI>-F»AMES. 

2756.  Having  decided  u\)on  the  location  for  the  hoist- 
ing-engine, the  erection  of  the  head-frame  is  begun,  in  case 
the  opening  is  a  shaft. 

The  head-frame  is  a  support  for  the  sheaves,  or  wheels, 
over  which  the  winding-roiics  are  led  from  the  drum,  which 
is  located  at  a  short  distance  from  the  shaft.  At  some  of 
the  coUeries  in  the  aTithracitc  region  iron  and  steel  head- 
frames  are   being  erected.      These   are   far   superior   to  the 
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limhrr  hca*l-fr.ii)ics  ftir  shafts,  nn  account  of  their  (Jurabil 
and  tlicir  indL-siructibiJity  by  fire. 

There  are  j^laces  in  the  anthracite  region  where  a  steel  or 
iron  fhuic  is  used,  in  connection  with  a  steel  <»r  iron  hea<)- 
frunii;,  to  convey  tlie  coal  lo  tlie  breaker,  iiisteatl  of  c 
veyirig  it  by  tracks  over  the  surface, 

2757.     In  the  anthracite  region  there  are  three  classes 
of  head-frames  in  use  : 

I.  The  triangular  form. 

a.  The  square  upright  pattern,  with  or  without  inclin 
braces. 

3.  An  upright  frame,  vith  inclined  braces. 

27^H,     Pig.  991  shows  the  construction  of  a  triangular 

form  of  a  timt>(:r  head-frame  which  is  largely  iisttd.  In  this 
figure  are  shi>wu  a  side  elevation  and  an  end  view  taken 
directly  in  front  of  the  upright  post  marked  a  in  the  side  view. 
In  the  construction  of  the  above  form  of  head-frame  the 
location  of  the  drain  and  of  the  shaft  are  known:  the  height 
of  the  head-frame  is  then  decided  upon,  and  is  usually  made 
fnim  ;i(i  to  5i)  feel.  With  direct-acting  engines  this  hci);hl 
^ll(>uld  be  sutBcient  to  allow  u  phiy  of  at  least  two-thirdK  of 
a  revolution  between  the  cage  landing  and  the  overwinding 
point. 

275tt.  As  shown  in  Fig.  99a,  S  is  the  sheave  and  />  the 
drum.  The  two  forces  a  D  and  a'  D  act  towards  the  drum, 
and  two  venical  forces  act  down  the  shaft  approximately 
eipial  to  the  two  forces  acting  towards  the  drum.  There 
arc.  therefore,  two  resultants,  n  b  and  a'  />',  the  directions  of 
which  are  determined  by  lines  from  a  and  a'  through  the 
center  of  the  sheave  •S'. 

This  diagram  shows  that  the  structure  of  maximum  sta- 
bility will  have  a  vertical  Hmb  pariillel  to  the  vertical  forces, 
and  an  inclined  limb  approximately  parallel  to  a  line  joining 
the  centers  .V  and  /);  but  as  it  is  not  usually  feasible  to 
make  A  S  parallel  to  A"  J>,  the  inclined  limb  is  given  leas 
inclination. 

Theoretically,  the  brace  A  S  should  be  in  the  directioD  of 
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and  parallel  to  the  resultant,  but  at  times  the  structure  is 
subjected  to  variable  strains  in  hoisting;  consequently,  the 
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direction  of  the  brace  A  S  will  be  somewhere  between  the 
resultant  and  the  line  of  the  under-winding  rope  of  the  drum. 

2760*  Again  referring  to  Fig.  9ill,  the  construction 
shows  the  head-frame  to  be  made  up  of  the  posts  a,  which 
are  parallel  to  the  winding-rope  b  running  down  the  shaft; 
the  inclined  brace  c,  which  resists  any  thrust  that  would 
tend  to  rotate  the  head-frame;  the  inclined  brace  d,  to 
which  are  secured  the  cross-timbers  m  that  support  the  cage- 
guides  e. 

As  shown  in  this  figure,  the  sills  /are  made  up  of  three 
pieces  of  timber  fi  inches  x  1-i  inches  in  cross-section.  The 
posts  a  rest  in  cast-iron  shoes  g\  the  shoes,  as  shown,  are 
firmly  bolted  to  the  posts  and  sills.  The  inclined  braces 
c  and  (/are  fitted  with  cast-iron  shoes  h  and  /. 

Where  the  post  n  and  the  two  braces  c  and  d  unite  at  the 
top  of  the  frame,  they  are  held  in  place  by  the  casting/ 
which  supports  the  pillow-block  /■. 

The  posts  a  and  the  brace  c  are  made  up  of  two  pieces  of 
timber  8  inches  x  14  inrhes  in  rniss-section.  The  brace  d 
consists  of  one  piece  of  timber  H  inches  x  14  inches  in  cross- 
section.      The    transverse    timbers  /,   which    are    used   for 
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bracing,  are  two  pieces  of  timber  B  inches  X  l-t  inches  i 
cross-section. 

The  timbers  m  supporting  the  guides  arc  single  picc«swf 
timiicr  8  incbcs  X  >>  inches  in  crnss-scction. 

The  center  post,  a:i  shuwn  in  the  cross- section,  is  braccc9 
by  the  two  pieces  «  and  c,  which  arc  supported  by  the  iw<y 
limbers  />  and  y  bolltrd  lu  the  two  outside  upright  posts. 
The  upright  pusis  a  and  the  inclined  brace  r  are  further 
braced  by  the  tie-rods  r,  s,  I,  and  tt,  all  o(  which  arc  fitted 
with  liiinbuckles,  as  shown  at  f-     The  different  posts  are 
firmly  bolted  togelher,  the  bolts  being  titled  wrilh  cast-iroQ 
washers.  


2761*     When  the  opening  is  a  slope,  and  the  breaker  ig 
placed  in  front  of  the  ijlopc  moulh,  the  main  structure  is 
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placed  at  some  distance  from  the  opening  and  is  connected 
to  it  by  an  inclined   plane,  built  as  an  open   trcsLtc   and 
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forrning  a  continuation  of  the  slope.  There  are  various 
methods  used  in  framing  these  trestles,  the  particular  form 
depending  upon  the  height  and  the  distance.     Figs.  993, 


Pig.  »w. 

994,  and  995  show  the  side  elevation  of  some  of  the  different 
forma  for  framing  trestles  used  in  building  inclined  planes 
in  the  anthracite  region, 

2762.     The  method  of  framing  as  shown  in  Fig.  993 
requires  very  heavy  timber,  generally  1^  inches  x  14  inches 
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or  12  inches  x  Vi  inches,  with  o-incli  x  fl-Jnch  brace*.  This 
method  of  framing  makes  a  very  subsianlial  structure. 

In  Fig.  004  the  timbering  used  is,  tt,  ]0  inches  x  ii  iiicbw; 
^,  5  inches  x  13  inches;  ^  and  c',  5  inches  X  10  inches.  In 
this  mcthnd  the  posts  nnd  the  cross-benms  are  made  tip  ot 
two  separate  pieces  of  timber,  the  different  parts  being  faM- 
ened  together  by  IkiIis. 

Pig.  99S  shows  a  framing  where  corbel  blockik  a,  d'aic 
used.  These  given  greater  bearing  stirfatc  for  the  stringers, 
and,  cunsequeiitly,  strengthen  them.     When  the  slupc  i^ 


not  on  line  with  the  breaker,  there  is  what  is  called  the 
ttlope  landing.  This  consists  of  the  tracks  and  turnouts 
laid  on  the  grmind  at  the  mouth  of  the  slope. 

In  sdiiie  places,  where  it  is  necessary  to  gel  on  higher 
ground  to  locate  the  turnouts,  or  where  the  cars  can  be  run 
direct  to  the  dump^  some  such  arrangement  as  shown  in 
Fig.  yac  must  be  resorted  to.  This  is  simply  a  short  inclined 
plane  connected  with  a  trestle. 

2763.  Hufvty  Blocks.— Fig.  086  shows  Ihc  arrange- 
ment of  a  safety  block  used  at  the  hcnd  of  bIoimss,  in  compli- 
ance witli  the  Anthracite  Mine  Law.  Such  an  arrangement 
of  safety  blocks  is  necessary  at  the  head  of  every  slope,  to 
prevent  the  descent  of  mine-cars  into  the  sto|>e  before  the 
wire  rope  is  attached.  The  amount  of  dumnge  done  by  a 
single  escaping  car  is  often  so  great  that  the  money  required 
for  repairs  would    pay  for   the   adoption  of  an  expensive 
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dcvk-c  fnr  preventing  such  an 
accident.  Tlir  block  as 
arranged  and  shown  in  Fig.  09f\ 
is  lor  a  sinjjfle-track  slope.  It 
is  Tery  simple,  thoroughly  re- 
liable, and  an  inex])enbivo  appli- 
ance. 

This  safety  attachment  con- 
stats essentially  of  the  blocks  A 
and  .-r,  the  shaft  /l,  the  arm  C, 
the  rod  /',  and  the  lever/:. 

The  pieces  A  and  yt'  are  gen- 
erally  made  of  S-inch  X  12-inch 
tinibiT,  and  are  trtm-bound  at 
the  esiremilies  to  prevent  wear- 
ing. The  shaft  /?,  to  whtcli  is 
k«ycd  the  arm  C  is  3  inches  to 
'21[  inches  iu  diameter,  and  the 
parts  A  and  A'  are  securely 
fastened  to  it.  /)  is  a  rod  con- 
necting the  arm  C  with  the 
lever  J\  The  rod  /),  where  it 
unites  with  the  Icvcr  £  at  /•',  is 
made  as  shown  at  F\  in  a  sort 
nf  a  loop.  The  car,  as  it  comes 
uver  the  knuckle,  finds  the 
blocks  A  and  A'  in  the  position 
(r,  ami  the  rod  /)  in  the  position 
F.  The  axle  oE  the  car  strikes 
the  block  and  changes  the  posi- 
tion from  Gto  6",  and  the  rod  D 
is  changed  from  Flo  ?•',  on  ac- 
count of  the  loop  shown  at  /•'; 
hence,  during  this  operation 
the  lever  /:'  remains  stationary. 

After  the  car  or  cars  have 
passed  over  the  block,  it  resumes 
Us  vertical  position,  due  to  the 
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position  nf  the  shaft  A'.  If  il  is  found  that  the  blocks  Jo 
not  resume  their  vertical  position  promptly,  a  weight  cad 
be  attached. 

When  the  cars  arc  alK>ut  to  descend  the  slope,  after  the 
rope  is  attached,  the  man  in  charge  of  the  lever  £  pushes  it 
forward  in  direction  if,  thus  bringing  the  block  intopositi'in 
C  This  is  a  style  of  block  that  <teldon]  frets  out  of  order, 
and  \-^  simple  and  strung  in  its  construction. 

The  above  block  is  one  of  the  many  kinds  in  use  in  the 
anthracite  region.  The  style  generally  defends  upon  the 
place  where  it  is  to  be  located. 


FANS. 

27 B4.  There  is  no  definite  location  on  the  surface  for  8 
fan  in  connection  with  the  outside  arrangements  that  help* 
to  operate  the  plant.  The  location  depends  altogether  on 
the  arrangement  of  the  underground  openings.  J 

Where  a  new  plant  is  opened  up  by  means  of  two  siopev 
which  are  termed  the  "main"  and  "tender"  slopes,  il  is 
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customary  to  place 
the  fan  bctwce^_ 
the  two.  ^1 

Fig.  mi  shows 
the  plan  of  opening 
iipa  plant  by  means 
of  two  slopes,  the 
tender  slope  C  and 
the  main  slope  B. 
A  is  the  shaft  on 
which  the  fan  oper- 
ates, D  being  the 
pump  way.  fn  this 
method  of  opening,  the  tender  slope  C  is  driven  downwards 
from  the  surface,  while  the  openings  A,  D,  and  jVarc  opened 
from  below  upwards.  ^ 

In  very  deep  shafts  there  is  gcnerallya  fan  comparlmcn^B 
In   must   cases,  however,  there   is  a  special  opening  made 
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for  the  fan,  either  by  sinking  a  shaft  or  driving  a  passage  to 
the  outcrop  of  the  vein. 

2765.  Since  the  passage  of  the  Anthracite  Mine  Law 
prohibiting  the  use  of  furnaces  in  gaseous  mines,  centrifugal 
fans  have  come  into  general  use. 

The  centrifugal  ventilating  fan  is  a  machine  which  is  com- 
posed of  a  number  of  straight  or  curved  vanes  mounted  on  a 
shaft,  to  which  a  rotary  motion  is  given.  The  air  drawn 
from  the  mine  -enters  the  apparatus  by  an  opening  around 
the  axis.  It  then  comes  in  contact  with  the  vanes,  which 
communicate  their  motion  to  it,  and  under  the  action  of  the 
centrifugal  force  it  is  driven  to  the  circumference  and  from 
there  into  the  outer  atmosphere. 

Ventilating  machines  used  at  the  anthracite  mines  act,  in 
general,  either  as  exhausting  machines,  placed  at  the 
top  of  the  upcast  shaft,  or  as  blowlng-niachlaes,  placed 
at  the  top  of  the  downcast  shaft.  The  exhausting  machines 
draw  in  the  air  through  a  short  or  long  channel  and  eject  it 
into  the  atmosphere;  blowing-machines,  on  the  contrary, 
take  the  air  from  the  atmosphere  and  force  it  into  the  mine 
openings. 

2766.  In  the  anthracite  region  there  are  various  types 
of  fans  ip  use,  but  the  one  known  as  the  Guibal  fan  is  used 
more  extensively  than  all  others. 

The  most  important  and  distinguishing  feature  of  the 
Guibal  fan  is  the  spiral  or  circular  housing.  In  this  the  fan 
differs  from  all  others  (except  the  Capell  and  the  Schiele). 
The  Guibal  delivers  all  its  air  through  one  opening. 

This  opening  is  regulated  by  an  adjustable  shutter.  The 
theory  of  the  shutter  is  here  briefly  stated:  The  air  is 
delivered  at  the  throat  at  a  velocity  nearly  equal  to  the 
ends  of  the  vanes,  and  a  certain  known  volume  of  air  is 
delivered  by  the  fan  every  minute.  If  the  outlet  is  too 
small,  the  air  does  nut  hnd  free  exit;  if  too  large,  reentries 
of  air  occur  behind  each  blade.  The  shutter  provides  a 
means  of  so  regulating  the  size  of  the  orifice  that  it  is  just 
sufficiently  large  to  give  free  exit  to  the  required  quantity. 
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2767.  The  (Uaiiiclers  of  fans  unetl  in  the  antliracile 
region  vary  from  10  feel  to  35  feel.  From  recent  experi- 
ments, it  has  been  found: 

1.  Tlie  only  advantages  obtained  by  increasing  the  diam- 
eter of  fans  arc:  Ltss  spued  is  required  from  the  engine  if  it 
works  direct  on  the  fan  shaft,  a  proportional  extra  width  is 
obtained,  and  there  is  a  larger  area  for  the  air  to  flow  through 
into  the  fan. 

a.  The  width  of  fans  appears  to  exert  biit  small  influence 
on  their  efliciency,  but,  as  a  rule,  an  increase  in  width 
enables  a  fan  to  exhaust  more  air. 

3.  The  influence  of  the  shape  of  the  spiral  rasing  is  con- 
sider.ible.  The  best  shape  begins  to  curve  away  at  or  near 
the  ctit'off,  and  gradually  increases  the  S|>ace  between  the 
blades  and  the  casin;;  until  the  outlet  is  reached.  At  this 
point  it  should  be  from  one-fourth  to  one-third  the  diamctcrj^ 
of  the  fan.  ^| 

4.  The  influenee  nf  the  shutter  is  decidedly  advantageous, 
as  by  its  use  the  opening  at  the  end  of  the  spiral  casing  is  8<^_ 
regulated  as  to  give  the  highest  efficiency  of  the  fan.  ^B 

5.  The  tests  show  that   fans  give  ihc  best  results  when 
running  at  a  peripheral  speed   of    5,UU0   to  6,0l>tt  feet    pcr.^ 
minute.  ^M 

2768.  In  the  anthracite  region  there  are  more  different^ 
type«  of    engines   running   fans   Chan    any  other   kind  o!^| 

machinery  about  the  colliery.  At  the  same  colliery  there 
often  are  horizontal,  vertical,  inclined,  and  oscillating 
engines  running  dilfcrent  fans.  fl 

Too  much  importance  can  not  be  placed  upon  the  selection 
of  a  fan-engine  for  a  large,  gaseous  colliery.  A  breakdown 
at  any  time  may  cause  tlie  loss  of  many  lives,  and  result  in 
great  damage  to  the  mines.  It  is,  therefore,  of  great 
importance  to  have  an  engine  that  will  run  regularly  and 
with  little  risk  of  breakage. 

When  the  fan  is  h>cated  directly  over  the  airway,  it  is 
subject  to  more  danger  from  fire  than  when  located  a  few 
feet  away  from  the  shaft  mouth;   but,  even  when  fans  are 
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I  not  placed  directly  over  the  u|>cast,  Ihey  arc  placed  sui  near 
10  it  th.it  the  risk  of  damage  by  fire  is  altn<isl  as  great. 

To  guard  as  much  as  possible  against  loss  in  case  of  fire, 
the  fan  enclosures  should  be  built  ciliier  of  iron  or  hrick, 
instcAcI  of  wood.  

ARRANGEMENT    OF    SOME   OF   THE   BUILIHNGS 
ANI»  OTHER  XECESSARY  EOt'lPMENTS. 

27O0.     Eniclntt-HouHUH. —  Most   of    thtf  t- ti({itic-hou)ies 

erected    in   thv  mitliracilL-  rcyion  are  frame  siruclures,  with 

either  shingle  or  corrugated -iron  roofs;  in  many  cases  Ihc 

sides  al3<i  arc  of  corrugated  iron.     At  st)me  collieries,  where 

there  are  expensive  winding-engines,  the  engine-houses  are 

I  of  brick  or  Htonc.     Iron,  stone,  and  brick  are  used  in  con- 

fcltruction,  to  guard  as  iiiueli  as  possible  against  (ire.     The 

^bliSesi  and  roofs  of  frame  and  iron  structures  are  coated  with 

red  mineral  [taint. 

The  different  stiueliires  are  all  well  lijjhled,  heated,  and 
ventilated,  the  ventiUitor  beinji  an  opening  in  tlic  riinf  littcd 
with  small  windows  that  cnn  be  opened.  The  engine-houses 
arc  generally  heated  by  a  few  coils  cif  steam-pipe,  in  connec- 
tion with  the  steam  fixtures  that  they  always  contain. 

In  constructing  an  engine-house,  at  least  fi  feet  should  be 
allowed  between  the  engine  hcd-platr  and  the  sides  of  the 
building,  and  at  least  the  same  distance  hetwcim  the  stcam- 
cylindcr  and  the  end  of  the  building.  At  the  drum  end  of 
the  building  there  should  be  a  Bpace  between  the  end  of  the 
building  and  the  drum  lixlure^i,  at  least  wide  enough  tto 
that  a  man  can  cross  from  one  side  of  the  building  to  the 
other. 

27  ?0.  Carpenter  and  Blacknmllli  SliopM.^Tbc 
carjtentcr  and  blacksmith  shops  should  t)c  located  imdcr  one 
cover.  This  has  always  been  found  to  be  the  better  way  in 
practice,  for  the  one  in  many  cases  really  depends  upon  the 
other.  The  building  shotdd  he  located  in  some  place  conve- 
nient to  the  main  opening,  so  that  it  is  not  necessary  to 
construct  a  great  length  of  track  to  convey  the  cars  from 
the  shaft  or  slope  to  the  shop  for  repairs. 
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The  size  of  the  structure  dei»emls  upon  the  amotini 
work  to  be  done.  Very  often  larger  shops  arc  built  at  small 
plants  tlian  »t  some  liirtfer  ones.  This  is  because  the  rainc- 
cars  in  the  latter  case  are  built  at  sr>me  other  car  shops,  nnd 
all  the  hca^''y  ironwork  is  also  done  away  from  the  coUietjF 
blacksmith  shop.  When  this  is  the  case,  the  shops  arc 
erected  merely  for  rcpiiir  work,  such  as  sharpening  the 
minnrs*  tau]!<>,  repairinj;  mine-cars,  and  any  other  work  that 
may  be  ncudcd  about  the  colliery.  At  some  collieries,  whcte 
they  build  their  own  mine-cars  and  do  their  own  heavy  iron' 
work,  very  commodious  structures  are  erected,  which  are 
fitted  with  the  best  class  of  machinery,  so  that  the  work  tan 
be  turned  out  with  neatness  and  despatch.  Such  shops  arc 
well  lighted  and  ventilated,  and  the  carpenter  shop  is  built 
with  a  pit,  so  that  men  tan  work  beneath  tlic  car. 

In  connection  with  the  blacksmith  and  carpenter  shops. 
some  of  the  collieries  have  a  well-equipped  machine-shop  in 
operation  lo  do  the  necessary  repair  work  about  the  colliery. 


2771.  Powder  lluunc. — This  is  the  building  wherein 
all  the  blasting  niairrial  vised  about  a  colliery  is  stored,  Ii 
is  generally  located  in  some  out-of-the-way  place  (that  is. 
separated  from  the  other  buildings),  so  as  to  avoid  as  much 
as  possible  the  diinger  of  explosion  in  ease  of  fire;  at  the 
same  lime,  it  Is  sn  located  as  to  be  convenient  for  the  miners. 
The  building  is  generally  a  frame  structure,  with  a  corru- 
gated-iron roof.  .At  some  collieries  in  the  anthracite  rcginn 
very  substantial  irnn.  briek,  or  stone  structures  arc  erected. 
The  stie  of  the  structure  depends  upon  the  size  of  the  plant. 

Very  often  a  colliery  is  so  loca- 
ted that  it  can  be  f  urnislied  with 
a  new  supply  of  explosives  ai 
very  short  notice,  in  which  case 
a  large  stock  need  not  be  kept 
on  hand.  ^M 

Fig.   I>fl8   shows    a     powdei 

house  t-onsiructe<l  of  angle-iron 

Pta.gia  and  covered  with  No.  20  plain 
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ainted  iron.  It  is  made  in  sections,  so  as  to  be  portable, 
nd  can  be  fastened  to  any  wood  or  stone  floor,  holes  being 
aade  in  the  angle-iron  for  this  purpose. 

2772.  Supply  House. — This  is  the  building  wherein 
ire  stored  the  oil,  cotton,  shovels,  and  other  articles  used 
ibout  the  colliery.  It  is  located,  in  some  cases,  very  near 
he  main  opening,  so  as  to  be  convenient  for  the  miners;  at 
>ther  times  it  is  located  near  the  main  rail  road -track,  for 
:onvenience  in  unloading  barrels  of  oil  when  they  are  shipped 
lirect  to  the  colliery.  This  building  is  generally  a  frame 
structure. 

There  is  another  supply  house  at  most  collieries  that  is 
-eferred  to,  as  the  Iron  houttie,  which  is  located  close  to  the 
slacksmith  shop,  as  shown  at  q.  Fig.  986.  This  building  is 
1  frame  structure,  usually  12  feet  X  24  feet,  and  is  used  for 
storing  bar  iron,  tool  steel,  bolts,  etc. 

2773.  Office. — This  is  one  of  the  necessary  structures 
for  a  colliery.  The  office  is  generally  divided  into  two  com- 
partments, one  being  occupied  by  the  superintendent  and 
the  other  by  the  colliery  clerk  and  the  shipper.  At  some 
collieries,  where  the  engineering  corps  are  stationed  at  the 
mines,  they  occupy  a  compartment  in  the  superintendent's 
office.  It  is  not  customary  at  the  present  time  for  the  col- 
liery clerk  to  be  stationed  at  the  colliery.  The  larger  mining 
companies  generally  have  an  office,  located  in  a  town  or  city 
near  by,  where  the  colliery  accounts  are  made  out  and  kept. 
The  shipping-clerk,  generally  known  as  the  shipper,  then 
attends  to  everything  pertaining  to  clerical  duties  about  the 
colliery,  and  frequently  he  has  an  office  all  to  himself.  This 
office  is  usually  a  frame  or  brick  structure  located  near  the 
railroad  shipping  tracks,  so  that  the  shipper  from  his  window 
in  the  office  can  keep  a  rci-ord  of  the  loaded  cars  that  are 
sent  to  market. 

At  many  of  the  gaseous  collieries  there  is  a  compartment 
in  the  superintendent's  otVue  in  which  there  is  a  machine 
known  as  the  Shaw  kum  tester,  which  is  used  to  test  the 
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air  from  ihe  mine  ftir  Ihe  ptrpcntage  of  gas  it  conuini 
The  air  to  be  tt:stc<l  is  brought  out  of  the  mine  in  nibl 
hags. 

2774.  I'iinip  liouHu. — At  many  of  the  Large  gaw^r 
mines  there  is  a  frame  building  near  the  main  opening  kiiovn 
as  the  lamp  house.  Here  the  safety-lamps,  are  given  to  and 
received  from  workers  in  the  mine  by  a  man  Icnuwn  as  the 
Iniiip  man,  whose  duty  h  tu  in^tpcct.  clean,  repair,  and  kctp 
a  r<;cnrd  of  the  difTerent  safety-lamps  that  are  usctl  in  the 
minr.  In  mints  where  there  is  but  a  small  quantity  of  (j** 
the  work  of  the  lump  man  is  performed  by  the  flri:  bow  at 
some  convenient  place. 


2775.  \Va>»li  TliiiiHe. — Thi.s  i.s  a  suitable  structure 
iipun  the  Rurfaie,  as  rcfjuircd  by  the  Anthracite  Mine  Law, 
wherein  the  men  employed  in  the  mine  can  change  their 
clutliing  before  entering  the  mine,  and  can  wash  themselves 
and  change  their  clothing  tipon  returning  therefrom.  The 
structure  is  generally  a  frame  <mc.  and  is  located  so  ax  to  be 
convenient  to  the  principal  entrance  to  the  mine.  The 
buildiny  is  well  lighted  and  heated,  and  is  supplied  with 
pure  cold  and  warm  water. 

2776.  Timber  anU  l.uml}«r  Yardn. — In  thetimbet^ 
yard  the  mine  timber  is  sized  preparatory  to  loading  it  into 
mine-cars  or  upon  mine  trucks.  It  is  here,  also,  where  the 
rails,  sills,  planks,  boards,  lagging,  timber,  etc.,  are  stocked 
that  are  to  be  used  in  the  mine.  This  yard  is  usually  near 
the  main  opening,  allhuugh  at  collieries  where  most  of  this 
material  is  received  by  rail,  and  there  is  a  wmvcnicnt 
place  for  unloading  it,  the  yard  is  near  the  rail  road -tracks. 
Then,  there  must  be  a  track  leading  from  the  main  opening 
to  the  timber-yard. 

The  loading  track  in  a  timber-yard  should  have  a  plat- 
form built  on  one  or  both  sides  of  it  high  enough  to  bring 
the  level  of  the  plalfonn  :i  little  above  the  bright  of  ihc 
timber  truck,  so  that  there  need  be  no  unnecessary  lifting 
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or  rolling  of  the  heavy  timbers  to  get  them  upon  the  mine 
trucks.  The  lighter  lumber  to  be  used  in  the  carpenter 
shop  for  building  mine-cars  or  repair  work 'is  either  cut  at 
the  colliery  sawmill  or  received  by  rail.  It  is  generally 
stored  under  small  sheds  near  the  carpenter  shop,  in  a  yard 
spoken  of  as  the  lumber-yard. 

2777.  Barn. — This  structure  is  generally  erected  at 
some  distance  from  the  others,  so  as  to  be  out  of  the  way 
in  case  of  fire.  It  is  a  two-story  frame  building.  The  first 
story,  or  ground  floor,  is  used  for  stabling  purposes,  and 
contains  the  different  stalls  for  the  mules  and  horses  used 
about  the  colliery.  In  the  second  story  the  large  storage 
bins  for  the  grain  are  located.  The  hay  and  straw  used  are 
also  kept  on  this  floor. 

At  some  collieries  most  of  the  mules  used  underground 
are  kept  in  underground  stables,  on  account  of  the  great 
inconvenience  in  bringing  them  to  the  surface.  In  such 
cases  they  are  never  brought  to  the  surface  until  death 
overtakes  them,  or  in  case  of  a  long  suspension  of  mining 
operations. 

At  some  collieries,  where  a  large  number  of  mules  are 
used  underground,  the  barn'  on  the  surface  is  made  suf- 
ficiently large  to  accommodate  them  all  in  case  of  suspen- 
sion. At  other  collieries  the  barn  is  made  just  large  enough 
to  accommodate  the  mules  and  horses  that  are  used  outside 
and  those  that  have  daily  exit  from  the  mine.  In  such 
cases,  when  there  is  a  suspension  of  work  underground,  the 
stock  is  sent  to  some  neighboring  place  for  shelter. 

The  barn  in  Fig.  086  shows  an  ideal  location.  The  sec- 
ond-story floor  is  just  low  enough  to  allow  a  truck  to  be 
used  in  conveying  the  grain  from  the  cur  to  the  barn.  A 
barn  should  be  well  lighted,  and  so  constructed  as  to  be  at 
all  times  well  drained.  A  dam  should  be  built  near  the  barn, 
to  which  the  mules,  as  they  come  from  the  mines,  can  be 
driven  and  washed.  If  the  mine  dirt  is  allowed  to  accumu- 
late on  the  mules,  it  will  cripple  them  and,  in  time,  make 
them  unfit  for  service. 
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CCLM,  OH  IHHT.  OK    WASTK  AXI>  KOCK  BANKS.. 

277S.  A  snit;iL)I«  I<ii-aikiii  for  tlie  culm,  or  din,  or 
waste  and  rock  iKinks  is  very  often  a  difficult  maltfr  m 
dtt'ide  upoii.  In  ilcCcrmining  the  location  of  the  rock  and 
culm  dumps,  the  topography  of  the  surrounding  area  exer- 
cises a  governing  inHucnic.  It  is  always  advisable  t<>  avoid 
depositing  this  refuse  over  the  outcrop  of  a  workable  seam, 
for  when  these  heajw  catch  fire  there  is  more  or  less  dariKcr 
o£  the  fire  extending  from  the  outcrop  coal  into  the  mine- 
It  is  nlso  advisable  to  cle^r  away  all  old  logii,  stumps,  anci 
other  vegetable  inatler  before  dumping  culm  on  a  piece  uf 
land,  as  decaying  vegetable  matter  in  a  culm  pile  will  sl&rt 
a  fire  by  "  spoatancous  cooibustion." 
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2779.  At  the  present  time  waste  may  be  divided  into 
two  classes;  waste  coming  fnim  i/rj-  breakers  and  waS'lc 
coming  from  uvf  breakers.  In  the  fir&t  ca&e,  the  coal  as  it 
comes  from  the  mines  is  in  a  more  or  less  dry  condition;  in 
the  second  case,  the  coal  as  it  comes  from  the  mines  is  \n\ 
more  or  less  wet  and  muddy  condition. 

In  the  first  case  there  are  separate  rock,  slate,  and  culm 
banks,  or  a  combination  of  rock,  slate,  and  culm ;  or,  rock 
and  slate  bank,  with  a  separate  culm  bank;  or,  &latc  aiiit 
culm,  with  a  separate  rock  bank.  ^^M 

In  the  second  case,  where  the  coal  is  wet  and  muddy  asi^^ 
comes  from  the  mine,  there  are  separate  rock,  slate,  and 
culm,  and  slush  banks;  or,  a  combination  of  rock,  slate, 
and  culm,  and  slush;  or,  a  combination  of  slush,  slate,  and 
culm,  with  a  se|)arate  rock  bank;  or,  a  combination  of  slate 
and  culm,  with  a  separate  roek  and  a  separate  slush  bank; 
or,  what  is  most  general,  a  comiiinalion  of  rock,  slate,  and 
culm,  and  a  separate  slush  bank. 

27S(K  I'revious  to  the  last  fifteen  or  eighteen  years,  the 
culm,  or  coat  dirl,  the  slate,  and  bony  coal  picked  from  the 
coal  in  the  breaker  and  the  slate  and  rock  coming  from 
the  mine  were  all  deposited  together  in  one  heap;  but  the 
possible  utilization  of  the  culm  or  line  coal,  either  by  burn- 
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ing  in  fire-boxes  constructed  for  this  purpose  or  by  manu- 
facturing into  artiBciai  fuel,  has  given  to  the  culm  as  it  lies 
in  the  banks  a  certain  prospective  value,  and,  to  enhance 
this  value  and  reduce  the  future  cost  of  utilizing  this  refuse, 
two  or  three  distinct  kinds  of  refuse  heaps  are  now  common. 
These  old  culm  banks  that  are  separated  from  the  rock 
and  slate  banks,  and  which  were  deposited  years  ago  when 
everything  below  the  size  of  stove  coal  was  called  culm,  are 
being  used  at  the  present  day  to  operate  what  are  termed 
coal  ^w  ash  cries. 

2781.  In  the  first  case  referred  to  above,  the  coal  dur- 
ing the  separating  and  sizing  in  the  breaker  is  kept  dry. 

The  fine  coal  known  as  culm,  coal  dirt,  waste,  etc.,  that 
passes  through  the  rice-screen  mesh  (or,  when  no  rice  coal  is 
made,  through  the  buckwheat-screen  mesh,  or  when  no 
buckwheat  is  made,  through  the  pea-screen  mesh),  together 
with  all  the  fine  stuff  made  from  the  bars  that  are  located 
directly  under  the  main  screens,  is  collected  in  a  pocket  or 
separate  pockets  and  deposited  in  a  heap  known  as  the  culm 
bank  or  dirt  bank. 

The  rock  and  slate  coming  from  the  mine  are  carried 
directly  to  a  heap  known  as  the  rock  bank. 

The  slate  picked  from  the  coal  in  the  breaker,  after  being 
collected  in  pockets  in  the  breaker,  is  dumped  on  the  slate 
bank,  or,  as  stated  before,  is  dumped  with  the  ruck  or  dirt. 

The  bony  coal  is  sometimes  collected  in  a  pocket  and 
dumped  on  the  same  bank  as  the  slate,  but  generally  it  is 
crushed  in  an  extra  set  of  roils  called  the  bony-coal  rolls, 
and  made  into  the  smaller  sizes  of  coal. 

2782.  In  the  second  case,  the  separating  and  sizing  are 
performed  by  means  (jf  water.  The  coal  is  washed,  and  the 
culm  coming  from  the  rice -screen  mesh,  or  buckwheat- 
screen  mesh,  or  pea-scrccn  mesii,  :is  the  case  may  be,  is  car- 
ried off  by  the  water  through  troughs,  and  is  deposited  over 
an  area  known  as  the  mIumIi  hank. 

After  the  water  leaves  the  trough,  the  heavier  particles  are 
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dcpositcil   first,  and  ihirinR  the  nmtinuancc  of  its  flow  itj 
holds  noihtni;  but  the  finest  seditncnl  in  itusiicnston , 

In  urdur  to  tukc  uul  as  much  sediment  as  possible  hdott 
the  water  reaches  ihe  streams  thai  drain  the  region,  wfy 
che»p  dainK  nrc  cniiKtriictcd,  called  tiruMli  dumi%.    Tha« 
daiiis  are  made,  as  »hon-n  in  I'ig.  Uti'.i,  \>y  piling  I^Jgs,  brtii'li,! 
cic.  together  and  throwing  earth  back  of  thctn. 

A  numhcr  cj{  troughs  are  used  for  overflows.  The  watar 
acctimidatcs  in  tht:  dams,  the  sediment  is  deposited,  andtlic 
water  passes   off   comparatively  free  from   sediment.     At, 
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some  collieries  no  attention  is  pjiiil  to  the  removal  of  the 

sediment  from  the  water;  consuqucntly,  the  streams  are 
quii:kly  clogged  up,  and  a  thick  dt^poail  e«vers  the  Idwcf  jmr- 
tions  of  thu  valley,  giving  rise  to  ituittt  fur  <lamages. 

As  in  the  first  ease,  the  mck  ami  slate  that  come  from  the 
mine  are  carried  directly  to  a  heap  known  as  the  ro4.;k  h;ink. 

The  slate  from  the  breaker  and  the  fine  culm  that  drops 
thrinigh  the  bars  located  directly  under  the  main  screens 
are  conveyed   lo  a   pocket  or  pockets  and  dnmped  on  the 
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slate  Ijank;  or,  as  before  staled,  the  rock,  slate,  and  eulnn_ 
are  deposited  on  the  same  bank. 
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Pig.  1000  shows  another  arrangement  of  a  slush  bank,  and 
bow  il  is  arranged  fi  keep  the  deposit  from  getting  iiitu  ihe 
streatn.  The  slush  as  it  comes  from  the  trough  is  allowed 
to  spread  over  a  large  area.  Men  arc  kept  at  work  banking 
the  deposit,  a»  ^hown  at  A.  The  water  cither  suuks  tiiruugh 
or  is  led  off  on  the  side  of  the  deposit. 

27ft3.  At  some  collieries,  where  water  is  used  in  the 
breaker,  there  is  not  sufficient  area  on  the  surface  for  the 
slush  banks  already  described.  If  no  deposit  is  to  reachany 
of  the  near-by  streams,  a  machine  is  used,  the  end  view  of 
which  is  shown  in  Fig.  luoi.     ft  is  simply  a  large  lank,  into 
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which  the  water  containing  the  culm  is  run  as  it  comes  from 
the  breaker. 

The  tank  is  B^d  with  two  bottoms,  rt  and  a';  a  is  termed 
the  false  bottom.  Il  also  has  two  sides,  d  and  5'.  c,  c',  and 
f*  is  a  line  of  drags,  which  are  from  3  to  4  feet  wide.  In 
one  tank  there  arc  fruin  fniir  to  six  of  these  drags,  all  working 
by  means  of  shaft  f ;  i/  is  a  pocket  into  which  the  culm  is 
deposited  as  it  is  taken  by  the  drags  from  the  settling-  tank. 


r.   (/*.— 8K 
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Tlie  uperatton  of  this  may  beexpblneil  llius:  The  water, 
as  it  comes  from  the  breaker  through  the  trough  r.  is  de- 
flected at  inlcnncdiale  points  into  the  tank.  The  waicr  in 
the  Uiiik  h  bill  vtrry  IttlJc  agitated  by  the  drags,  which  arc 
kept  going  continually  in  the  direction  of  the  arrows.  Tlic 
agitatitm  is  but  slight,  because  of  the  faisc  bottom  in  Iht 
tank.  The  i>articles,  a«  they  settle,  drop  into  the  drag  line 
at /and  aret;onveyed  to  «',  where  they  drop  into  ihepotki-i 
J.  from  which  they  arc  loaded  into  a  dumper  ^  and  con- 
veyed to  the  culm  bunk.  The  idea  of  extending  the  bottom 
a'  to  a'  id  to  drain  off  the  water,  so  that  it  will  nut  be  car- 
ried into  the  pocket  </.  The  water,  as  it  leaves  the  tack 
through  the  uvertluw  A,  still  contains  the  finest  sediment 
To  remove  this  sediment  from  the  water  before  allowing  ii 
to  run  into  the  streams,  it  is  conveyed  to  large  settling 
tanks,  where  it  is  allowed  to  settle.  The  very  finest  parti- 
cles settle  to  the  bottom,  after  which  the  water  i>asscs  out 
through  the  overflow. 


3784.  Various  methods  are  in  use  fur  conveying  the 
culm  and  waste  from  the  breaker  to  the  culm  and  waste 
banks. 

At  stupe  collieries,  opened  on  the  edge  of  the  basin,  the 
ground  generally  falls  away  rapidly  enough  to  gain  ample 
dumping  space  within  a  short  distance.  In  such  cases  the 
culm  is  collected  in  pockets  located  in  the  lower  pan  of  the 
hreaker.  Tracks  are  laid  along  the  sidcdiill  for  a  short  dis- 
tance from  the  breaker  tu  a  point  where  the  dump  is  com* 
mcnccd.  In  atmotft  every  case,  in  such  a  location,  it  is 
found  ncccss;try  to  erect  a  short  trestle  to  cross  the  empty 
and  loaded  rail  road -tracks  leading  to  the  breaher. 

By  examining  Kig.  98ti,  it  can  he  seen  l±at  in  this  loca> 
tion  the  ground  falls  away  very  rapidly,  aro  a  short  trestle 
f*  is  erected  over  the  railroad-triicks. 

At  shaft  collieries,  and  at  slope  openings  on  comparatively 
low  ground,  dumping  height  is  obtained  either  by  an  inclined 
plane,  usually  known  as  a  dirt  plane,  by  erecting  a  system 
o£  conveyors,  as  shown  in  Fig.  lOua,  or  by  erecting  a  tower 
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in  conaectjon  witfa  the  breaker.     In  this  Inst  case  the  culo,] 
or  waste,  is  (.-levaied  to  a.  consid<;rabIe  hctglii  and  «in{Jtic«l| 
into  a  large  pocket  that  will  hold  from  18  to  itO  tons.    k\ 
trestle  it)  built  in  conncftinn  with  the  lower,  so  as  to 
the  vtilm  pile  somv  distance  from  the  breaker. 

In  Fig.  Wn  the  conveyor  shown,  is  built  to  a  considcralil 
height,  and  discharges  its  product  directly  uiM>n  the  heap 
This  system  of   conveyors  is  driven  by  the  gearing  at  n 
The  waste  is  fed  into  the  conveyor  by  a  chute  (V  coming 
from  the  breaker.     The  culm,  ur  waste,  as  it  eomcs  nut  at 
the  top.  passes  down  the  chtite  f  and  i»  "spread  out  "by 
the  circular  sheet  iron  rf.     In  time  it  becomes  blocked  up, 
directly  in  front  of  the  chute  c.     The  culm  is  then  led  ofi 
on    the  sides  of  the   heap  by   the   circular  sheet   of  iron 
shown  at  (/. 

At  many  of  the  collieries  the  line  of  couveyors,  instead  oi 
discharsinn  their  product  directly  upon  the  heap,  as  just 
shown,  diseharjje  their  pr(.Kluct  into  a  pocket,  from  which  ii 
is  loaded  into  dump-cars  and  conveyed  to  the  dump  cithc^— 
by  mules  or  by  a  small  locomotive.  ^| 

27Hft,  At  several  of  the  collieries  in  the  anlliraeitc 
rejfion  where  the  above  method  is  in  usf,  the  chute  leading 
Irom  the  conveyor  to  the  waste  pocket  has  a  set  of  bare 
which  takes  out  all  the  fine  stuff,  and  only  the  very  coanie 
material  reaches  the  pocket.  The  fine  stuff  thai  paiwcs 
between  the  bars  is  conveyed  by  a  chute  to  a  borc-holc, 
through  which  it  in  washed  into  the  mine,  where  it  fills  up 
the  old  workings  and  actsasan  aid  to  the  pillars  that  arc 
left  intact  W)  support  the  surface. 

At  many  of  the  collieries,  especially  where  there  are  flat 
workings,  large  pieces  of  rock  arc  never  bnmghi  to  the 
surface,  but  arc  stowed  away  in  the  abandoned  workinj-* 
underground.  When  this  is  done  there  are  no  rock  banks 
on  the  surface,  which  gives  an  additional  area  that  is  fre- 
queniiy  very  desirable. 

278H.     Another   system    of   removing   culm    from   ixM 
breaker  has  of  late  years  come  into  use  whcr«  but  very 


jolumn  y-'to  the  culm  heap,  as  shown  in  Fig.  ]iJ04. 

2787.     The  pipe  E  is  connected  with  an  improved  posi- 
iTc-prcssurc  blower,  whose  inside  arrangement  is  shown  in 
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Pi)^.  lOu.'S.  It  consists  of  ilie  two  rotating  bcHlics.  orpislwns,' 
a  and  fi  keyed  t<i  parallel  shafts  c  and  rf,  which  rotate  in  op- 
posilc  directions  with  equal  velocity.  The  form  of  ihe 
pistons  is  such  that  they  touch  each  other  like  toothed 
wheels,  and  are  enclosed  in  the  casing  *•,  which  fits  them  a* 
closely  .i«  praciicTliIe.  From  this  figure,  it  is  readily  scfn 
hnw  the  air  helween  the  pistons  and  casing  is  forced  throii(;ii 
the  opcningy  into  the  air-pipe  7;,  shown  in  Fig.  KmW,  while 
fresh  air  rontinually  enters  the  casing  through  the  suction 
opening^.  In  this  machine  rarA  pist4>n  forces  the  air  out 
of  ihc  sjKicc  f '  twice  during  every  revolution,  so  that  the 
theoretical  discharge  per  minute  h  Q  =  i  »  l-\  where  »  rep- 
resents the  number  of  revolutions  per  minute  of  the  machine. 


eia.  I  (MA. 

that  is,  of  each  of  the  lw«i  pistons.  The  piston  shafts  are 
driven  by  thehelt-pullcy  ^1,  and  the  cog  gearing  in  the  cases /f 
and  ^"raiiM;  the  motion  of  one  piston  shaft  to  be  transmitted 
to  Ihc  other.  These  blowers  are  usually  run  at  a  s|>rcd  of 
S.()0  to  2a()  revolutions  per  minute;  in  consequence  of  these 
high  vcI^HTities,  they  are  subjected  to  considerable  vibration 
and  work  with  .t  great  deal  of  noise,  to  overcome  which  the 
cog  gearing  is  run  in  oil,  which  is  contained  in  the  casings. 
There  is  very  little  friction  in  the  column  /•",  Fig.  1004. 
and,  consctpiciuly,  comparatively  no  wear  in  the  pipes,  for 
the  waste  Hows  through  the  center  oE  the  orifice  with  a 
cushion  of  air  all  around  it.  The  culm  can  be  deposited  at 
any  place,  simply  by  turning  the  month  of  the  pipe  in  the 
direction  in  which  the  culm  is  to  be  deposited. 
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2788,  The  use  of  this  blowing  arrangement  tlops  away 
with  the  muicfi  and  small  Im-tjmntivcs  that  arc  employed  in 
all  the  other  methods  described,  with  the  exception  of  ihc 
slush  lank  and  the  method  of  conveyors,  as  shown  in  Fig. 
I(K)'^.  At  some  collieries,  where  an  inclined  plane  is  used 
to  do  away  with  a  number  of  mules  or  a  locomotive,  the 
dump-cars  are  h'>isted  up  the  plane,  fnnn  which  there  is  a 
descending  grade  to  the  dump. 

To  return  the  empty  dump-cars  to  be  loaded,  a  Tniile  is 
used  to  pull  Ihcm  a.  short  distance  to  a  graded  track  cut  in 
the  side  of  the  bank,  leading  to  the  foot  of  the  plane  or  place 
where  the  dump-cars  arc  to  be  reloaded. 

2789.  In  locating  a  dirt  plane,  two  case&  have  to  be 
considered ; 

1.  Whether  it  is  better  to  use  a  Eunimut.  which  issimply 
a  large  car  that  will  contain  two  or  three  times  the  quantity 
that  an  ordinary  dump-car  contains;  or, 

a.  Whether  it  is  better  in  employ  dump-cars  on  the  plane 
where  they  arc  landed,  cither  by  using  a  barney  or  a  chain 
with  a  hook  ur  clevis  attached. 

Where  a  gunboat  la  used,  a  large  pocket  is  built  at  the 
head  of  the  plane,  into  which  the  gunhout  empties.  The 
gunboat  i-i  never  detached  from  its  rope  upon  arriving  at 
the  head  of  the  plane. 

3790.  When  thecHlmi.>t  handled  as  shown  in  Fig.  lOOfi, 
which  is  a  plan  and  elevation  of  a  single  dirt  pla.ne,  a  barney 
.1/  is  used.  A  barney  is  simply  a  small  truck  very  solidly 
built,  used  to  push  the  mine-car  up  an  inclined  plane  or 
slope.  In  this  case  it  pushes  the  dump-car^  up  the  inclined 
plane  ''. 

At  the  foot  of  this  plane  /'  is  a  small  opening  JV,  known  as 
the  bnrney  pit,  into  which  the  Iwirney  Af  runs  to  allow  the 
dump-car  jl  to  run  over  it  in  passing  tn  the  culm  or  waste 
pocket,  the  pocket  for  the  culm  being  located  at  some  dis 

jcc  from  the  foot  of  the  plane. 

figure  .shows  the  arrangement  and  location  of  the 
sheave  wheels  at  the  head  of  the   plane  which  lead  the  rope 
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•  and  from  the  haulage  engine  that,  is  located  at  some  dis- 
Bce  from  the  culm  heap,  as  shown. 

The  dump-car  A,  in  coming  down  the  inclined  plane  P, 
Xjuires  enough  mumentum  to  carry  it  (after  the  barney  M 
Iters  the  barney  pit  jV)  up  a  slightly  ascending  grade  on 
ic  empty  track  leading  tu  the  pocket,  where  it  is  again 
tided  with  culm  ur  waste.  In  returning,  it  comes  in  con- 
ict  with  a  spring  switch  that  transfers  it  to  the  loaded 
Sick,  which  is  on  a  descending  grade  to  the  foot  of  plane  P. 
n  the  arrival  of  the  c1ump-rn.r  at  the  foot  t>f  the  plane,  the 
krney  comes  out  of  the  pit  and  pushes  the  dump-car  ujt  the 
kne.  The  dump>car,  hcing  free  from  the  hoisting  ro{>c,  is 
tided  very  nicely  and  allowed  to  nm  to  the  loaded  turnout, 
om  which  it  is  ctvnvcycd  to  the  dump  either  hy  mules  or  a 
Da  11  locomotive. 

2791.  On  a  plane  where  Lite  dump-cars  are  hoisted  by 
ang  either  a  hook  or  clevis  allachnient  for  fastening  the 
>pe  to  it,  the  chain  at  the  foot  of  the  pl.ine  either  remains 
tached  to  or  is  detached  from  the  dump-car. 

In  case  of  either  gunbo,it  or  dump-car,  the  foot  of  the 
anc  should,  if  possible,  be  so  arranged  that  the  gnnU^at  or 
ltnp>car  can  be  run  directly  to  the  pocket  for  loading, 
ithout  detaching. 

The  plane  should  also  be  so  located,  if  possible,  as  not  to 
ice  the  main  stnirtiire  or  any  other  important  building 
tat  might  be  injured  by  the  gimboat  or  dump-car  breaking 
osc  from  the  rope. 

The  engine  for  a  dirt  plane  is  sometimes  located  on  the 
Bstc  heap  directly  under  the  head  of  the  plane,  the  bed* 
late  of  the  engine  being  set  upon  a  tinihcr  frame  resting 
pon  a  timber  cribbing.  This  is  very  poor  practice,  for  in 
lany  ca);es  the  bank  on  which  the  engine  is  located  tukes 
re,  causing  a  continual  settling  of  the  crib,  and  making  it 
ttpossiblc  to  keep  the  engine  in  proper  running  order. 

It  is  always  better  for  the  engine  to  have  some  such 
oeilion  as  shown  in  the  figure,  where  it  can  have  a  good 
tlid  foundation,  even  if  it  docs  require  at)  extra  length  of 
)pc  and  some  extra  sheave  wheels. 
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Z79'Z,  The  waste  heaps  ofiL-n  become  of  isiich  dimen- 
sions as  to  encroach  uptm  ilie  immcdiutc  Kurroiintiin^s 
making  a  very  perplexing  problem  lo  overcome. 

When  the  site  is  (irst  scleftcd  for  the  waste,  it  should  be 
iu  a  li}cati<in  tliat  will  not  iiilL-rfcrK  with  the  enlarg^cmcnl of 
the  colliery  {ilaitt,  in  so  fur  as  the  erection  of  buildinK^i^ 
coneerned;  hence,  buildings  connected  with  a  colliery  shouid 
not  be  loniited  so  as  to  interfere  with  the  ({rowth  of  ihe 
waste  banks. 

At  many  collieries  there  is  an  ideal  location  for  waste^ 
heaps,  but  at  the  same  time  this  location  may  contain  the 
outcrops  of  all  the  workable  seams.  It  is  better  to  sacri^ce 
such  n  location  and  adopt  a  more  expensive  one  for  the 
waste  heaps  than  to  run  the  risk  of  destroying  the  whole 
mine  by  fire  from  the  culm  pile. 

The  advisability  of  having  separate  waste  heaps  presents 
itsctf  in  case  of  long  suspensions  of  work,  for  the  culm  can 
then  be  conveyed  directly  to  the  boiler  house  from  the  culm 
bank  without  any  previous  preparation. 
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2793.  Kuilruatl-TrnckM. — One  of  the  important  ma^ 
tcrs  that  must  receive  attention  at  a  colliery  plant  is  the 
location  of  the  empty  and  loaded  turnout-s  for  the  cars  that 
arc  used  to  ship  the  coal  to  market.  This  is  often  a  very 
serious  matter  where  the  topography  of  the  surface  is  such 
that,  unless  large  sums  of  money  are  expended  tn  excavating, 
very  little  room  for  tracks  is  obtainable. 

Such  a  case  h  shown  in  Fig.  fl8C,  where  the  topography 
rendered  it  necessary  to  make  a  very  extensive  cut  between 
the  breaker  and  the  main-slope  hoisting-engine,  in  order  t^_ 
get  the  main  line  connected  with  the  empty  turnouts.         IH 

The  tracks  should  be  so  arranged  that  very  little  shifting 
is  necessary. 

Assuming  that  the  tracks  are  kept  in  a  ^od  condition, 
the  grades  should  be  such  that  a  car  will  move  readily  by 
gravity  as  soon  as  the  brake  has  been  loosened,  without  tb 
aid  of  barring. 
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To  accomplish  this,  the  empty  track  should  have  a  grade] 
of  ai  least  2  feet  hi  KK)  fe<!l.  lu^ttfiiing  tu  a  urade  of   l.fi  feel 
at  the  etitrance  to  thf  breaker. 

The  grade  for  the  loadt-d  tracks  can  be  &omewhat  less; 
l.-m  feet  in  HtO  feci  is  siiffn-ient  Ui  run  loaded  cars  over. 

In  every  ca^  the  railroad  facilities  9hr>iild  he  »uch  thai 
the  receipt  of  the  cmptycarti  and  the  dt^Kpateh  of  the  loaded 
cars  can  he  accomplttihcd  with  the  leant  poK^iihle  iliflicnlty. 


2794.  Mlnie-Cnr  Trnckn. — The  general  consimction 
of  mine-car  tracks  (or  the  surface  arran^cincnt  of  mines 
does  not  differ  to  any  marked  extent  from  that  of  ii  large 
railroad,  except  that  less  attention  is  paid  to  the  detail  work; 
besides,  the  parts  that  go  to  make  up  the  traek  are  <>(  very 
much  lighter  material. 

In  the  anthracite  region  there  is  no  standard  gauge  for 
the  mine-car  tracks.  The  gauges  most  commonly  in  use 
arc  2  feel  C  inches,  2  feet  9  inches,  3  feet,  3  feet  (1  intrlies, 
3  feet  '.» inches,  and  4  feet.  Intermediate  gauges  have  also 
hcen  used. 

The  grades  of  the  tracks  for  the  empty  and  loaded  cars  to 
run  upon  by  gravity  depenrl.  in  many  cases,  upon  the  mine- 
car,  for  there  arc  .some  very  easy  and  some  very  hard  run- 
ning cars.  For  an  ca.sy -running  car  to  run  hy  gravity,  the 
empty  track  should  vary  in  grade  from  'i  ti>  l.'i^  feet  in  100 
feet,  and  for  loaded  cars  the  loaded  track  should  vary  in 
grade  from  1.25  feet  to  0.7fi  foot  in  IW  feet. 

The  radii  for  the  curves  should  be  as  large  as  possible, 
and  never  less  than  25  feet. 

The  frogs  used  in  connection  with  the  track  arc  usually 
made  from  rails.  The  tongue  of  the  frog  is  made  of  two 
short  pieces  of  rail,  cut  and  riveted  together  so  as  to  form 
the  required  frog  angle.  The  wing-rails  are  a  part  of  the 
switch  rails  leading  away  from  the  frog,  bill  are  bent  to  suit 
the  frog  angle  liy  means  of  a  rail-bending  machine. 

To  avoid  putting  in  a  frog,  a  crnMn  latch  can  be  used. 
This  is  a  short  piece  of  rail  with  an  eye  in  one  end,  so 
arranged  that  when  it  is  put  in  place   it  can  be  thrown 
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across  the  one  rail  of  the  track  that  the  car  is  to  be  put 
or  taken  off. 

The  switches  in  many  cases  arc  the  ordinary  movable  rail 
switch,  lutt  the  one  most  commonly  used  is  known  as  lbe_ 
lAtch,  nr  lontcutf.  switch. 

The  latches  are  wedge-shaped  bars  of  iron  with  an  eye  in 
the  think  end.  The  pnint  and  eye  end  «f  the  tongue  aresel 
on  small  iron  jjlalcs  wliich  are  fastened  to  ibc  cross-ties. 

The  latclicsarc  sometimes  connected  by  a  rod.  so  that  they 
can  lit;  opened  or  closed  at  the  same  lime.  This  switch  in 
many  cases  is  made  self-closing,  or  automatic,  by  attaching 
the  latches  by  .1  bar  or  lever  to  a  metaUic  spring,  an  elastie 
stick  of  wood,  or  to  a  counterweight. 

The  cross-tics  used  vary  in  dimensions  according  to  the 
gauge  and  the  amount  of  traffic.  Where  a  small  loeomotive 
runs  over  the  track,  the  road  is  laid  with  good  wide  cross- 
ties.  Ordinarily,  hewed  tics  from  4  to  ts  inches  thick  and 
from  5  to  8  or  ft  inches  wide  arc  used. 

The  rails  used  are  the  regular  T  rails,  varying  in  weight 
from  20  pounds  to  50  pounds  per  yard. 

The  fish-plates  arc  often  the  same  as  those  used  on  a  regu- 
lar steam  road,  but  in  many  cases  they  arc  made  by  the 
colliery  blacksmith  from  old  scrap  iron  that  is  gathered 
about  the  mine. 
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WATKH-SLPPLY.  

2795.  The  establishment  of  an  adequate  waier-snppTy' 
is  often  a  difficult  matter  at  anthracite  collieries,  and  one 
that  entails  a  great  deal  of  expense.  The  water-supply  at 
many  of  the  colUerics  is  obtained  by  damming  up  the  small 
mountain  slrL-ams.  When  this  is  done,  the  dam  is  usually 
above  the  level  of  the  colliery,  to  obtain  a  sufficient  head 
for  forcing  the  water  through  the  pipes  to  the  different 
places  where  water  is  required  about  the  plant;  but  in  dis- 
tricts depending  upon  small  mountain  streams  there  is 
always  a  scarcity  of  water  in  dry  seasons,  and  sometime:! 
during  very  cold  weather. 

The  larger  streams  that  drain  the  coal  iiclds  are  usually 
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'  contaminated  with  the  water  that  is  pumped  from  the 

ines  and  willi  thai  coming  from  the  cfial  washings  that  it 

absolutely  useless  for  steam  purposes. 

When  these  streams  arc  fit  for  use  dams  arc  constructed. 

hich,  however,  arc  generally  on  the  same  level  or  below 
jc  level  of  the  colliery  plant,  so  that  a  pump  is  needed  to 
li-se  the  water  to  the  required  height.  At  some  o(  the  col- 
erics  the  water  is  obtained  from  a  large  stream  located 
utsidc  of  the  coal- producing  area;  ai  others  it  is  obtained 
y  sinking  artesian  wells.  Of  late  years,  many  of  the  col- 
crtc^  purchase  ihcir  water  from  some  established  water 
ompany,  which  in  many  cases  pipe  il  a  very  long  difllancc. 
is  a  last  resort,  the  mine  water  is  purified.  The  amount 
if  sulphuric  acid  in  mine  water  varies  considerably.  At 
ome  mines  it  has  l>t.'eii  known  to  reach  100  and  even  201) 
[rains  per  gallon  of  water.  Such  water  will  dtrstrny  iron 
lith  alarming  rapidity,  and  must  not  be  used  in  boilers 
iiidcr  any  circumstances.  Water  containing  only  two  or 
three  grains  to  the  gallon  has  been  known  to  ruin  boilers  in 
»  few  months*. 

2706.  Where  the  water  is  puriBed,  it  is  found  that 
iimc  is  the  cheapest  and  best  alkali  to  use,  because  the  sul- 
phate forme<l  is  least  soluble.  Soda  or  potash  will  serve  the 
bame  purpose  as  lime,  but  the  sulphates  formed  are  entirely 
polul>le  in  water  and  produce  large  deposits  on  evaporation. 
The  sulphate  of  lime  is  also  soluble,  but  to  a  very  slight 
jextent,  I  part  of  sulphate  of  lime  being  soluble  in  41)0  parts 
jof  water-  The  reaction  which  takes  place  when  lime  is 
added  to  mine  water  can  be  expressed  by  tlic  formula: 

I,  Sulphate  fif  Lime, 

Sutphuric  Acid.       Burnt  Lime.      Prccipiiated.  Water. 

:        ^.  -'»^.    +     ^ '^  o    =    t-rt  sc\    -f   /y,  o. 

I  The  process  may  be  descril)ed  as  follows:  The  mine  water 
is  pumped  into  a  tank  or  a  scries  of  tanks,  and  lime,  slacked 

land  reduced  ti>  a  creamy  consistency  with  water,  is  added, 
Ihc  amount  varying  from  \  of  a  peck  to  J  of  a  bushel  of  lime 
(or  every  4,000  gallons.     Wlien  sufficient  lime  has  been  added, 
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the  contents  of  the  lank  are  stirred  until  thoroughly  mixed, 
and  ih«  mixture  allowed  lo  sctiie  until  perfectly  clear.  Tlie 
time  rcnuircd  for  settling  varies  from  ^  hour  to  6  hours,' 
according  tii  the  amount  and  the  nature  of  the  dcpositj 
After  settling,  ihu  water  i»  drawn  ofT  into  another  tank  on 
series  of  tanks,  from  which  it  is  pumped  or  injected  int 
I  he  boileni. 

The  deposit,  or  settling,  is  then  removed  from  the  lank, 
wiitch  h  refilled  and  again  operated  upon. 

Care  slumkl  tje  taken  to  add  ju.st  sufficient  Iinie,  so  that 
the  water  will  have  no  effect  on  litmus  paper,  either  Ihcrcd 
or  ihe  bhie.  If  insufficient  lime  has  been  added,  the  Woe 
paper  will  turn  red,  and  if  too  much,  the  red  will  turn  blue. 
r..itmus  paper  in  the  best  test  to  use  fur  acid  or  alkali  in  this 
process.  ^M 

27t)7.  A  positive  test  for  detecting  sulphuric  acid  is  as 
follows;  Add  to  the  water  suspected  of  containing  sul- 
phuric acid  a  strong  solution  of  chloride  of  barium  (Ha  (  f,); 
then,  if  any  acid  is  present,  it  will  be  precipitated  in  the 
shape  of  sulphate  ot  barium,  a  white  powder;  hut,  for  puri- 
fying mine  water  upim  a  large  si:ale.  blue  litniu.<i  [taper  is  a 
sufficiently  delicate  test  for  aciil.  The  jKi[)cr  is  put  into  the 
water  and  muved  aroumt  fur  half  a  minute.  If  the  color  of 
the  paper  does  not  change  lo  red,  no  acid  is  present.  This 
is  not  a  positive  test  when  minute  quantities  of  acid  are 
present;  however,  when  such  water  is  evaporated  in  a 
boiler,  and  blue  litmus  paper  is  placed  at  the  open  gaug^_ 
cock,  it  will  turn  red.  ^M 

279S.  As  previously  stated,  the  quantity  of  lime  neces- 
sary to  be  added  is  gauged  with  litmus  paper,  the  change  of 
the  bhie  paper  lo  red  showing  thai  loo  little  lime  has  been 
used,  and  the  change  of  the  red  lo  blue  showing  that  too 
much  has  been  employed.  It  is  in  carefully  guarding 
against  the  use  of  lun  little  or  too  iinich  lime,  and  thus 
obtaining  water  for  use  in  the  boilers  as  nearly  pure  as  ptts- 
fiible,  that  the  secret  of  success  lies.     It  is  better,  however, 
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that  too  much  rather  than  too  little  lime  should  be  used. 
If  there  is  not  sufficient  lime,  the  acid  will  eat  away  the 
iron,  which  can  not  be  replaced;  but  if  there  is  a  small 
excess  of  lime,  the  only  consequence  is  a  little  more  dirt  in 
the  boilers.  In  making  steam  from  water  purified  by  this 
process,  a  small  deposit  will  form  in  boilers,  which  will  re- 
quire them  to  be  cleaned  out  once  a  month.  If,  however, 
the  water  is  put  through  a  heater  before  entering  the  boilers, 
and  raised  to  a  temperature  of  from  280°  F.  to  320°  F., 
it  will  be  rendered  as  fresh  and  pure  as  rain-water,  and  will 
neither  eat  the  iron  nor  form  scale  or  mud. 


THE  PREPARATION    OF  COAL. 


INTRODUCTORY. 

2799.  Anthracite  coal,  as  it  comes  from  the  mines,  is 
not  marketable.  "The  run  of  the  mine"  can  not,  as  in  the 
case  of  bituminous  coal,  be  sold.  As  it  comes  from  the 
mine,  the  coal  Consists  of  (1)  fragments  of  all  sizes,  mixed 
with  more  or  less  slate  and  rock;  (2)  more  or  less  coal 
known  as  bony  coal  (slaty  or  argillaceous  coal),  and  (3) 
lumps  of  coal  with  layers  of  slate  adhering  to  one  or  both 
sides,  or  distributed  throughout  the  lump,  commonly  known 
at  the  mines  as  cblppert*. 

2SOO.  To  place  the  coal  upon  the  market  for  domestic 
and  manufacturing  purposes,  so  that  it  will  meet  the  ap- 
proval of  the  consumers,  it  is  necessary  to  subject  the  coal 
to  a  more  or  less  complicated  process  of  preparation,  which 
has  for  its  principal  objects: 

1.  The  removal  of  rock,  slate,  chippers,  bony  coal,  and 
other  impurities  which  are  present  in  the  coal  as  it  comes 
from  the  mine. 

2.  The  assortment  of  the  coal  into  grades  of  nearly  uni- 
form size. 

3.  As  there  is  a  larger  demand  for  coal  of  the  inter- 
mediate sizes  than  can  be  supplied  from  the  coal  as  mined, 
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il  is  necessary  to  break  uj)  some  (or  all)  of  the  large  lumps, 
so  as  to  increase  tlic  ptrcL-iuaKc  of  lh«  intermediate  sites. 

All  lliese  objects  are  accomplished  by  the  process  u( 
preparation  in  the  breaker,  which,  according  tothedeAni- 
tton  already  given,  is  the  structure  contaJtiing  the  machincfv 
used  for  the  preparation  of  coal. 

The  purpose,  then,  of  a  breaker  is  to  remove  the  impuri- 
ties as  completely  as  possible,  and  separate  into  the  difFcnmt 
sizes  the  coal  that  is  lu  l>e  put  upon  the  market.  This  can 
be  done  cither  (1)  by  hand  Jabur  or  (2)  by  mechanical  mcan^ 

280I .  In  the  first  case,  the  coal  is  passed  along  chutes. 
on  the  sides  of  which  men  and  boys  are  sealed,  who  pick  oul 
the  slate  and,  in  some  cases,  the  bony  coal  and  the  chipper^ 
The  bony  coal  and  the  chippers  are  separated  only  from  the 
larger  sizes  of  coal,  varying  from  lump  coal  to  stove  coal, 
and  art;  reprepared  by  breaking  into  sires  lielow  stove  coal. 

In  bony  coal,  the  coal  and  slate  are  so  intcrstrati6ed  as  to 
destroy  or  jtreatly  diminish  its  market  value;  while  in  the 
case  of  chippers,  the  coal  and  slate  are  so  arranged  as  to  give 
very  little  trouble  in  obtaining  rnarkelable  sises. 

The  chippers  from  the  larger  aizea  (lump  and  steamboat) 
are  prepared  by  what  is  termed  clilppins.  Here  the  slate 
is  separated  from  the  coal  by  manual  labor  simply  by  using 
a  pick,  or  in  many  cases  hy  using  a  specially  designed  tool 
called  ihr.  pick  homincr.  Below  the  sizes  of  lump  and 
steamboat,  the  diippeis  and  bony  coal  arc  generally  prcpan 
by  the  same  set  of  rolls,  known  as  the  hony-coni  rolls. 
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2802.     In  the  second  case,  where  the  slate  is  separated 

from  the  coat  by  mechanical  mcan^,  the  operation  will  de- 
pend upon  ont  of  three  physical  characteristics  of  the  coal 
and  slate:  (I)  The  difference  in  their  specific  gravity;  (?) 
the  difference  of  the  forms  into  which  they  break,  and 
(3)  the  dilTcrencc  of  their  ai]glc  of  friction,  or,  in  other 
words,  the  difference  in  the  angle  o£  a  chute,  linett  with 
stone  r)r  iron,  down  which  the  coal  or  slate  will  slide  with- 
out any  increase  of  velocity.  As  a  rule,  slate  will 
slide  down  a  chute  which  will  carry  coal. 
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Tht:  ftrsL  uf  these  rt-furs  Lo  the  jigging  of  the  coal,  and 
this  operation  may  K*  performed  by  usinjc  cither  a  vrct  or  a 
dry  jig  The  wet  jig  i*  in  use  almost  exclusively  in  the 
Anthracite  region,  and  will  be  described  later. 

The  second  rbaraetcristic  refers  to  the  difference  of  form 
nto  whirh  they  break;  coal  in  breaking  assiimca  a  more  or 
CSS  rounded  form,  whiic  the  slate  is  broken  into  flat  pieces. 
3y  running  these  twodiflfcrcnt  forn»s  over  a  chute,  in  which 
)ars  with  longitudinal  (ipeninjjs  arc  placed,  most  of  the  fiat 
ijeces  of  slate  will  drop  out  tlirougli  the  small  openings  and 
he  coal  continue  to  the  pocket  or  place  of  storage. 

The  alx)ve  operation  is  also  performed  by  a  cylindrical 
crccn,  known  in  the  breaker  as  the  alatc-plckcr  Herc«n. 

The  third  characteristic:  since  slate  will  not  slide  down 
:crtain  chutes  that  will  carry  coal,  small  openings  are  made 
n  the  bottom  of  the  chutes  at  inlcr\*als.  The  coal  glides 
>Ter  these  openings,  while  the  slate,  which  moves  with  a 
different  velocity  than  the  coal,  in  coming  down  the  chutes 
iX  a  higher  velocity  than  the  slate,  simply  dragging  slug- 
Ipshly  along,  drops  through.  In  many  cases  sandstone 
HaW  arc  used,  which  are  placed  in  front  o£  the  openings  in 
|he  bottom  of  the  chutes. 


2H03.  The  method  of  preparation  of  coal  is  not  the 
bamc  throughout  the  anthracite  coal  ficldi*  of  Pennsylvania, 
^his  is  due  to  the  different  ways  in  which  the  raa]>l}cds  arc 
Slcpositcd. 

I  In  the  Wyoming  and  Lackawanna  regions  of  Pcnnsyl- 
Arania  the  coal  scams  lie  more  or  less  horixontally,  and  the 
(.Coal,  after  it  has  been  mined,  is  more  or  less  prepared  by 
Hhc  miner  or  the  laborer  while  it  is  lieing  loaded  into  the 
iBiinc>car. 

The  miner  or  his  laborer,  in  loading,  is  obliged  to  handle 
>&11  the  coal  by  hand;  that  h.  he  throws  the  large  lumps  into 
ilhe  mine-car  by  hand,  and  uses  a  shovel  to  get  the  smaller 
^umps  into  the  car.  While  doing  this,  the  larger  pieces  of 
t'rock  and  slate  are  tliruwii  to  one  side  to  be  stowed  away  in 
*tbc  underground  openings  of  the  mine,  or  they  are  placed 
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up*in  a  heap,  and  afterwards  loaded  Into  a  car  to  be  hoiMet! 
In  the  surface  and  there  dcposiicil  on  the  rock  dump. 

In  the  Lehigh  and  Schuylkill  regions,  where  the  beds  have 
a  more  or  leiu  steep  di]],  the  coal,  after  beingf  mined,  is  loaded 
into  the  miiie-curs  frum  a  chute  or  platform.  The  oaV 
beds  in  these  regions  are  frequently  wet,  as  compared  wii'i 
the  coal-hedft  nf  the  Wyoming  region;  consequently,  the 
coal  as  loaded  into  the  mine-ears  consists  of  c<»a!,  rock,  and 
slate,  the  whole  being  cnvercd  with  a  black  muddy  massif 
fitic  coal  and  dirt,  dripping  with  dirty  water,  and  looking  as 
it  comes  from  the  mine  like  anylhinjc  but  marketable  fuel. 

Prom  the  above,  it  can  be  readily  seen  that  different 
method*  of  preparation  must  be  used.  On  the  i>ne  hand  the 
coal  is  prepared  dry,  on  the  other  it  is  prepared  wet.  The 
latter  means  that  the  cnal  as  it  passes  through  the  different 
operations  nf  prcparalirm  is  treated  with  water  to  wash  ol 
the  mud  that  adheres  to  the  coal. 

When  water  is  used  in  the  course  of  preparation,  the 
method  is  more  expensive  than  where  the  treatment  is  dry 
throughout;  for  the  former  requires  extra  machinery,  and, 
since  the  water  used  is  in  many  cases  pumped  out  of  the 
mine,  the  acid  in  it  snati  destruys  the  machinery  and  other 
parts  with  which  it  comes  in  contact. 
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THB    ANTIIRACITB   COAL-BREAKBR.  ^ 

2804.  The  evolution  of  the  anthracite  eoal-brcaker 
forms  an  extremely  interesting  chapter  in  the  history  of  the 
Pennsylvania  coal  trade. 

In  the  early  history  of  the  coal  trade,  the  coal  was  shipped 
to  market  as  it  came  from  the  mine,  the  consumer  breaking 
it  upwith  hammers  and  screening  it  himself;  but  the  loss  of 
the  fine  coal,  which  was  practically  useless,  since  it  could 
not  be  burned  in  an  ordinary  (jrate  nor  in  iiny  appliance 
suited  to  the  comhusiion  of  coarse  coal,  was  so  heavy,  and 
the  trouble,  annoyance,  and  cost  of  breaking  up  the  coal  by 
hand  became  so  great,  that  it  led  to  the  introduction  of 
machinery  to  break  and  screen  the  coal  and  classify 
according  to  size. 
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Innumerable  devices  have  been  experimented  with  for 
eaking  the  coal,  commencing  with  the  hammer,  passing 
rough  various  types  of  toothed  plates,  to  rolls  with  teeth, 
id  corrugations  of  various  forms. 

2505.  As  the  machinery  has  been  improved  the  waste 
preparation  has  been  diminished,  not  only  by  better  and 
3re  careful  handling,  but  also  by  utilizing  a  larger  propor- 
m  of  the  coal.  It  is  not  very  long  since  chestnut  was  the 
tallest  size  of  salable  coal,  while  everything  below  that 
,e  went  to  the  culm  pile.  The  introduction  of  improved 
■ms  of  grates  and  furnaces  has  added  to  the  market  list 
e  following  additional  sizes:  pea,  buckivhcat,  and  rice, 
lich  find  extensive  use  in  the  production  of  steam,  thus 
forcing  economy  both  in  production  and  consumption. 

2506.  Anthracite  breakers,  in  some  cases,  occupy  as 
uch  as  23,000  square  feet  of  surface,  and  vary  in  height 
>m  50  to  145  feet,  according  to  the  method  in  use  for  the 
eparation  of  the  coal.  It  is  always  desirable  to  handle  the 
al  by  gravity,  allowing  it  to  slide  down  chutes  from  each 
t  of  bars  (or  rolls)  or  screens,  until  it  reaches  the  pockets, 
ence,  it  is  always  better  to  have  the  necessary  height, 
jtead  of  elevating  the  coal  a  second  or  a  third  time  by  a 
stem  of  elevators. 

In  capacity,  anthracite  breakers  range  as  high  as  4,000 
ns  per  day.  By  this  is  meant  the  coal  loaded  into  railroad- 
rs  after  it  has  been  prepared  in  the  breaker. 
The  capacity  in  every  case  depends  upon  the  screening 
rface  and  the  rapidity  with  which  the  coal  can  be  run 
rough  the  breaker,  for  it  is  generally  found  in  practice 
at  the  rolls  are  capable  of  crushing  more  coal  than  the 
reons  can  handle. 

2507.  The  general  plan  of  a  breaker  structure  is  in  the 
rm  of  a  wooden  trestle,  although  of  late  years  iron  break- 
s  have  been  introduced.     Wiiere  iron  is  used,  the  breaker 

a  pin-connected  structure,  the  posts  being  of  cast  iron, 
e  struts  generally  of  cast  iron,  and  the  rods  of  wrought 


63 


SURFACE  ARRANGEMENTS 


£U 


Iron.     Most  of  Ihe  large  beams  are  riveteil>plate  ginlcrs; 
ihe  smaller  ones  are  rolled. 

These  iron  structures  are  gciicrallj-  biiilt  for  the  purpoM-jf 
guarding  against  destruction  in  case  of  fire.  The  framing 
of  a  breaker  structure  must  be  ot  the  most  substanlial 
character;  Ihe  heavy  machinery  that  is  required,  tile  wfiRlil 
of  the  coal  undergoing  [ircparatiftn,  and  the  large  Biiifi« 
prt'senied  to  the  force  of  the  elements  show  the  iieceuMty  fuf 
strength. 

The  timber  ordinarily  used  in  their  cotiscruclion  is  yclluw 
pine,  white  pine,  heinlock,  oak,  and  birch. 

The  posts  are  generally  of  white  pine  or  heinloek,  an<l  ar; 
usuiilly  of  the  following  dinien<tion!t,  in  inches:  li  X  )*'> 
lax  14,  UX  U,  14X  Mi,  8  X  S.  and  fix  «■  In  some  of  the 
breakers  recently  constructed  the  jxisLs  are  double;  that  iS| 
they  arc  m-idc  up  of  two  pieces  of  timber,  which  can  be 
renewed  by  takinj,;  out  one  side  at  a  time,  as  shown  in 
Fig,  'M\.  Where  these  posts  arc  used,  they  arc  usually  nf 
the  following  dimensions:  U)  X  I'i,  o  X  1'-!,  and  5  X  W. 

The  sills  arc  usually  of  oak,  and  in  dimensions  to  suit  [l« 
above  sLzeni  of  posts. 

The  braces  are  of  hemlock  and  white  pine,  and  are  usually 
of  the  following  dimensions:  4  x  6.  ti  X  S,  and  «  X  i'i- 

The  stringers  are  usually  either  of  white  and  yellow  pine 
or  hemlock,  and  of  different  dimensions.  Birch  is  u^cd  in 
the  form  of  boards  for  lining  the  bottoms  of  the  coal  pockets. 

Farther  on  is.  .ihown  the  plan,  elevation,  and  cross-section  of 
an  anthracite  breaker;  but  before  entering  into  a  descriptioa 
of  it.  the  different  methods  of  getting  the  coal  into  the 
breaker  and  the  machinery  used  in  preparing  the  coal  wdl 
be  discussed. 


m 


MBTlIOim    or  OHTTIXG    THK    COAI-    INTO    THE 
IIUKAKHR. 

280N.  The  conl  as  it  comes  from  the  mines  is  almost 
invariably  conveyed  to  th<;  top  of  the  breaker,  where  it  is 
dumped  into  a  chute  known  as  the  dump  chute,  which 
contains  a  set  of  inclined  liars,  over  which  the  coal  runs:  or 
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it  is  Brst  dumped  into 
a  chutL-  or  pocket, 
from  which  it  is 
slowly  fed  under  a 
gate  and  allowed  to 
slide  down  over  the 
bars. 

In  case  theopening 
is    a  shaft  and    the 
bre-iker  is  located  the 
required    2(i()     feet 
from  the  shaft,  one  of 
the  methods  of   get- 
liny  the  coal  to  the 
top  of  the  breaker  is 
by  means  of  what  is 
termed    a     verllcal 
liulnt.    Fig.    10(W. 
This  fiHure  shows  the 
plan  and  elevation  of 
a  double  vertical 
hoist.    The  coal  after 
reaching  the  surface 
is  conducted  from  the 
mt>ulh  of  the  shaft  to 
the  font  ijf  the  verti- 
cal  hoist,   either  by 
gravity  or   by    some 
one     of     the     many 
other     methods   of 
transfer. 

The  vertical  hoist, 
ur  hoistway,  containts 
two  self -dumping 
t.iges.  These  cages 
are  built  of  angle- 
iron  and  art-  riveted 
thnmghoui.       The 
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ca^jc  is  made  upnf  two  parts,  a  and  /',  united  by  the  Iiingcr. 
The  part,  or  platform,  (/  which  carries  the  car  is  fasicnd 
to  the  pari  a  by  the  support  r,  and  is  further  secured  by  the 
braces  /.  To  the  part  l>  the  rope  is  securely  attached.  To 
the  part  a  is  attached  a  sniall  wheel  ^  which  runs  aluuj;  llir 
rail  A.  This  wheel  ^  keeps  the  parts  a  and  6  of  ihc  i^agi- 
closed  when  the  rage  is  in  a  vertical  position,  as  tiho-n-n  jt 
the  foot  of  the  hoist.  At  the  top  of  the  hoist  the  rail  i 
is  bent,  as  shown,  and  as  the  wheel  g  follows  the  rail  /;  iip 
the  boisl,  at  the  point  i'  it  is  made  to  follow  the  rail  /i  by 
means  of  the  jpuard  or  deflection  rail/.  As  the  wheel /fal- 
lows the  curve  «f  the  rail  A,  the  parts  a  and  (i  beci.iiie 
separated,  and  in  so  doing  the  self-dumping  part  of  the  cage 
comes  into  play.  The  part  ^  of  the  rage  is  kept  in  a  veTti- 
cal  position  by  means  uE  shoes  which  act  on  the  cagc-guldcs^. 

2809.  The  plan  shows  the  arrani^ement  of  the  tratb 
and  guides.  The  car  as  it  comes  from  the  mine  runs  itn  llic 
cage,  as  shown,  from  track  /.  As  soon  as  the  cajte  is  raiscil 
from  its  position  in  the  pit,  the  wheels  of  the  car  drop  int" 
the  opening  fv  made  by  the  rails  w  shown  in  plan;  this 
fastens  the  car  to  the  cage,  so  that  there  is  nn  danger  M  it 
leaving  the  cage  when  it  ts  being  dumped. 

The  car,  while  beiny  dumped,  can  Iw  given  different 
angles  of  inclination,  simply  by  notifyinfr  the  cnj:incer  in 
charge  of  the  hoisting-engine  to  raise  or  luwer  the  part  f- 
As  A  is  raised  or  lowered,  the  part  a,  by  means  of  the  wheel 
g;  assumes  different  positions. 

The  vertical  hoist  varies  in  height  from  5<l  to  I4a  feet, 
acrnrding  In  the  height  of  the  breaker,  and  ran  also  be  iiseil 
when  ihc  main  opening  is  a  slope,  drift,  or  tunnel. 

In  the  upcratidn  of  dumping,  only  one  man  or  boy  is  re- 
quired. He  attends  to  the  opening  of  the  latches  on  the 
car,  also  to  taking  off  the  tickets  which  are  tised  to  desig- 
nate by  vhom  the  coal  was  mined. 

2A1 0.  A  plan  of  one  of  the  many  different  methods  of 
transferring  the  cars  frnin  the  shalt  opening  to  the  verliVs' 
hoist  is  shown  in  Pig.  1008.    The  coal  that  is  handled  by  the 
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breaker  A  is  elevated  to  the  top  of  the  breaker  through 
the  vertical  hoist  5.  The  coal  handled  is  mined  through  the 
two  shafts  C  and  D.  The  loaded  tracks  E  and  F  leading 
away  from  these  shafts  are  on  a  descending  grade  from 
the    shaft    mouth   to  the   foot  of  the  vertical  hoist.     The 


Fig.  1008. 

loaded  track  E  has  a  descending  grade  of  IJ^,  while  the 
loaded  track  Fhas  a  descending  grade  of  l^V^- 

The  empty  cars,  after  leaving  the  vertical  hoist,  are  run  to 
the  foot  of  the  inclined  chain  hoist  M  N ;  at  the  top  of  this 
chain  hoist  are  the  two  empty  tracks  G  and//  leading  back 
to  the  mouths  of  the  shafts  C  and  J).  Both  the  empty 
tracks  are  on  a  descending  grade  of  \^%  from  the  top  A^  of 
the  chain  hoist  to  the  mouths  of  the  shafts  C  and  D. 

In  this  plan,  /  is  the  enjjine-honse  containing  the  winding- 
engine  for  shaft  C,  while  J  is  the  engine-house  containing 
the  winding-engine  for  shaft  D.  The  location  of  the  boilers 
that  are  used  to  furnish  steam  for  these  engines  is  shown  at 
K,  while  L  shows  the  location  of  the  ventilating  fan. 

281 1.  Another  method  of  getting  the  coal  to  the  top 
of  the  breaker  from  a  shaft  opening  is  shown  in  Fig.  1009, 
where  an  iron  or  steel  chute  is  built  in  connection  with  an 
iron  or  steel  head-frame.     The  hoistways  in  connection  with 
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this  head-frame  are  fitted  with  setf -dumping  cages,  the  car 
never  leaving  ilie  tatjc  while  it  is  t)t:iiig  dumpefl.  'I'ticoul 
is  then  elevated  direct  from  the  undergrnund  workings 
through  the  shaft  upcniiifr  and  dumped  into  the  chute  whi''^ 
conveys  the  c^ial  la  the  tu])  cf  lliu  breaker. 

In  order  to  comply  with  the  Anthracite  Mine  Lav,  tht 
breaker  is  located  at  a  distance  of  3()0  feci  from  the  ihafi 
opening,  as  shown.  The  height  of  the  breaker,  together 
with  the  extra  height  that  must  be  allowed  for  the  inclina- 
tion  of  the  chute  in  a  distance  of  200  feet  and  over,  tkccs- 
sitates  the  building  of  a  very  high  hrad-framc. 

In  Fig,  lOOSf  the  head-frame  is  5'i  feet  sqvtare  at  the  I'Wr 
and  187  feet  high  to  the  summit.  Al  a  height  of  U'J  f«t 
the  chute  is  reached,  and  at  this  p(»ini  the  cages  stop.  Thp 
length  of  the  chute  is  218  feet.     It  has  a  capacity  of  100  tons 


of  coal,  and  h  generally  kept  nearly  fiill  to  prevent  i 
hreakaKC  uf  the  coal.  Besides  hetiig  supported  at  one  end 
by  the  breaker  and  at  the  other  by  the  shaft  head-frame,  or 
tower,  it  has  two  steel  towers  as  additional  supports.  ^ 

2812.  Fig  IfllO  .shows  anotlier  method  of  getting  the 
coal  into  the  breaker  where  tlic  top  of  the  breaker  is  below 
tbc  level  of  the  opening,  thus  allowing  a  descending  grade 
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to  be  constructed  from  the  opening 
lo  tho  (lump.  In  the  figure,  a 
shows  the  loaded  car  coming  from 
the  mine;  it  continues  on  a 
dr»ccnding  grade  nnlil  it  reaches 
the  dump  b. 

The  dumping  is  here  performed 
by  what  is  tenncdacradlwdump, 
nr  in  many  casus  hysome  improve- 
mem  on  the  old  style  cradle  dump. 
The  ordinary  cradle  dump  con- 
sists essentially  of  fwo   cust-iron 
sides,  which  form  the  track  and 
which  arc  connected  by  bars  that 
hold  them  the  proper 
distance  apart.      The 
cast-iron   sides    are 
hung     un    adju!itab1e 
rockers,     resting     on 
plates    provided    with 
teeth  that  fit  into  in- 
dentations on  the  rock- 
er,   to    prevent  it 
from  slipping.    As 
the  car  nmsupon 
the  dump  and 
strittesthchorns^, 
which    curve    up- 
wards,   a    man  or 
hny  knocks  up  the 
door-latch,  or  fast- 
ening,    As  snun  as 
all  the  coal  has  run 
out  of  the  ear,  the 
dump     is    pulled 
down  by  a    lever, 
and    the  car  runs 
^off. 
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From  the  dumii  tlic  empty  car  runs  to  the  ftwt  of  llic 
hoist  e.  This  Imist  is  fitted  u]>  with  an  cndlcKS  chain.  Tf^ 
the  chain  at  iiUfrvals  are  attached  projcclinir  piccv-s,  (>' 
grips  ,,f.  which  ta,ke  hold  of  ihe  axle  tif  the  car.  The  jmwcf 
is  transmitted  to  the  hoist  hy  mcAnx  of  a  wire  or  hemp 
niijc,  connected  in  some  way  with  the  Iireaker  engine. 

The  car  in  running  over  the  knuckle  //is  freed  from  the 
chain,  and  in  rim-itng  down  the  short  incline  t  it  acquires  a 
certain  miimcntiim;  this,  together  with  tlic  grade  of  the 
empty  track  /,  carries  the  empty  car  back  to  the  mouth  of 
the  opening". 

Where  the  opening  is  a  slope,  some  3ueh  siafety  arrange- 
ment as  shown  in  Ptg.  01X1  is  used, .so  ih-it  the  ears,  in  return- 
ing from  the  dump,  will  not  run  into  the  slope. 

2813.  Figs.  1011  and  1012  show  the  method  of  getting 
the  cual  to  the  top  ut  the  breaker  by  meanit  of  an  inclined 
plane  and  a  barney. 

This  method  is  generally  adopted  where,  by  using  an  in- 
clined plane,  a  descending  grade  can  lie  had  f*)r  the  loaded 
cars  from  the  opening  to  the  foot  of  llic  plane,  and  abo  a 
descending  grade  from  the  bridge  at  the  foot  of  the  plane 
for  the  empty  cars  to  return  lo  the  opening.  Or,  it  is  fre- 
quently uwd  where  the  coal  is  brought  to  the  fool  of  the 
plane  by  a  small  locomotive  or  by  an  electric  motor  from 
some  opening  located  at  a  considerable  distance  from  the 
breaker. 

The  great  success  of  this  method  in  handling  the  coal  lies 
in  the  f:u-ility  with  which  the-  cars  are  handled  at  the  fool  of 
the  plane,  and  in  the  rapidity  with  which  they  arc  handled 
on  the  dump. 

The  essential  parts  of  this  arrangement  are  the  swinging 
bridge  -'/,  the  barney  /i.  an<I  the  arrangement  of  the  trac 
at  the  top  and  bottom  of  the  plane. 


^ 


2814.  Fig.  lOtl  shows  the  arrangement  at  the  bottom 
of  the  plane;  f"  is  a  section  through  V  )',  showing  the  ar- 
rangement of  the  tracks;  Z>  is  a  section  through  X  .V,  show- 
ing the  arrangen.ent  of  the  swinging  bridge  which  is  used 
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to  take  the  empty  cars  off  tbe  plane;  £  is  a  plan  of  the 

swing-ing  bridge,  showing  the  arrangement  for  opening  and 
•"losing  the  bridge.  This  hricige  (-unsisls  of  two  trusses, 
having  bearings  at  r  anil  t/.  so  that  by  swinging  aruuiid  them 
the  bridge  is  opened  and  rioscd. 

The  dotted  lines  in  /)  shi>vr  the  position  tif  the  bridg:e 
when  open,  ready  for  the  loaded  car  to  ascent)  the  plane; 
the  full  lints  show  the  position  of  the  bridge  when  it  is 
closed,  shown  also  in  the  plan  Ji,  ready  for  the  empty  car  to 
run  over  the  bridge  in  descending  the  plane. 

The  hoisting  rope  is  attached  permanently  to  the  barney 
S.  This  barney  is  made  in  two  [>arts,  f  and  /,  united  by 
the  hinge ^.  Thcparl/carrics  fourwhccls,  whichrunovcr 
a  narrow-gauge  track  located  within  the  track  that  the 
mine-car  runs  over,  as  shown  al  s  in  the  cross-section  C. 

The  part  r  of  the  barney  which  is  knnwn  as  the  puMlivr 
carries  two  small  wheels  A,  one  on  each  side,  known  as  the 
pusher  whcrls.  The  part  r  is  known  as  the  cheek  liorii, 
which  is  utied  to  keep  the  mine-car  in  position  during  the 
operation  of  dumping.  The  barney  is  made  narrower  than 
the  car,  and  passes  between  tho  sides  of  iheswinging  bridge 
and  between  the  rails  of  the  mine-car  track.  The  barney 
track  is  continnnus  and  unbroken  from  the  barney  pit  to  the 
dump  at  the  top  of  xhc  breaker, 

The  mine-ear/,  as  it  conn^  from  the  mine,  is  run  to  the 
foot  of  the  plane  and  placed  in  position,  as  shown.  The 
barney,  from  its  |»jsition  in  the  pit,  h  back  nf  the  loaded  car 
and  pushes  it  up  the  plane.  In  going  up,  the  k^aded  car 
finds  the  bridge  open;  but  when  the  barney  reaches  the 
lerer  A  it  pushes  forward  the  level's  /  and  m,  and  closes 
the  bridge,  so  that  it  will  be  ready  ft>r  the  empty  car  when 
it  descends. 

When  the  barney  descends  it  finds  the  bridge  closed,  and 
when  it  reaches  the  lever  n  its  axle  pushes  forward  the 
Icrcrs  o  andy»  by  means  of  the  lever  h,  and  thus  opens  the 
bridge  for  the  loaded  car  to  ascend  the  plane.  The  dotted 
levers  marked  ri  n,  pp.  and  eo  arc  the  same  levers,  but 
shown  in  dilfercnt  positions.     The  two  pusher  wheels  k  of 
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the  barney,  as  it  descends  into  Ihc  pit,  lift  the  latchej, 
which  are  hinisfed  at  tlieir  upper  ead  and  fall  freely,  so  tlial 
when  the  engine  is  reversed  and  the  barney  is  hoisted  thtse 
latches  catch  the  wheels  4  and  force  the  pusher  f  open.    As 
the  wheels  are   obliged  to  fullnw  the  track  r,  the  pusher 
comes  in  contact  with  the  car  /  and  forces  it  forward  and 
then  up  the  plane.     It  will  be  observed  that  the  larger 
wheels  of  the  barney,  while  in  ihe  pit,  have  a  rail  j' alKA-e 
as  well  as  the  rail  s  below   thera;  this  is  to  prevent  :b^ 
wheels  from  rising,  and  the  barney  from  getting  off  th* 
track. 

The  opening    and    closing  of   the   swinging   bridge  ar^ 
performed,  a.s  already  stated,  by  the  levers  it  and  ir,  in  coi-»  ' 
junction  with  the  levers  m  and  /.     There  arc  rods  v  and  tt-^  < 
leading  from  the  levers  w  and  /  to  the  lever  a\  which  worlc  * 
on  a  pivnt,  as  shown,  .supported  by  the  piece  of  strap  \Tonj^ 
which  is  hnlted  to  the  stringers  of  the  inclined  plane.     A    ^ 
the  end  of    the   lever  x  are  the   levers  s  and  y,  made,  a;^* 
shown,  with  the  different  joints.     These  levers  connect  th^^ 
trtisscs  iif  the  swinging  l)ridgc  with  the  lever  a.     Prom  thi:===^ 
plan  it  can    be   readily  imdcrst"n<i   how  the  ^^jlerati«n  o^^ 
opening  and  closing  is  performed  by  operating  the  rods^^^ 
s'  and  If. 

The  weight  a,  in  connection  with  the  lever  ^,  is  tised  as  a^^ 
counterweight  to  balance  the  bridge-shifting  mechanism. 


2815.  Pig.  lOia  shows  how  the  dumping  is  performed 
by  means  of  the  barney  at  the  top  of  the  breaker.  The 
mine-car  /  follows  the  track  t,  and  as  soon  as  the  wheels  of 
the  cary  strike  t  he  horns  u  the  car  is  stopped,  and  the  bar- 
ney continuing  to  move  raises  the  back  end  of  the  car 
until  it  assumes  the  position  shown  in  the  figure,  the  body 
of  the  car  turning  around  the  front  ,ixle. 

Where  the  above  barney  and  method  of  dumping  arc  in 
use,  it  is  customary  to  use  a  drum  having  a  friction-clutch, 
so  That  the  engine  is  used  only  Sot  hnisiing  the  loaded  car, 
the  empty  car  being  loaded  by  means  of  a  brake.  Where 
this  is  done  the  engine  is  always  kept  running  in  the 
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eciion,  and  by  simply  applying  the  clutfli  the  desired 
ull  is  obtained.  Al  Lhc  head  of  the  plane  a  man  h  em- 
>*cd,  whose  duly  it  is  to  take  the  tickets  from  the  car, 
3dc  open  the  latches,  and  see  that  the  car  is  entirely  rid 


r 

■  no.  touL 

iR  contents  before  beinR- allowed  to  return  to  the  mine 
mo£.t    cases,  however,  the  door  of   the  car   is  opened 
omatically. 

E81&.  Pig.  1013  shows  the  method  of  dumping  where 
:  breaker  is  erected  in  lin«  wiVh  the  slojie  or  where  tliure 
I  continuation  of  the  slope  through  an  open  trestle.  The 
Sting -engine  in  this  ease  is  located  cither  in  line  with  the 
pe  at  some  point  lack  of  the  breaker  or  in  the  lower  part 
the  breaker.  In  this  case  the  rope  run-s  through  the 
akcr,  as  shown,  the  engine  being  located  in  the  lower 
t  of  the  breaker.  In  this  method  of  dumping,  the  rope 
illached  to  the  mine-car  by  what  is  termed  a  *t|»rt;udcr. 
Che  spreader  consists  of  two  pieces  of  wire  rope  or  chain 
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vrlth  two  hooks  b.  At  f  there  is  a  Mpreader  ntick, 
oich  is  used  lo  kctp  the  wire  ropes  spread. 
This  spreader  stick  is  usually  madi:  of  a  piuc-c  ui  li-inch 
I  l|-inch  gas-pipe.  A  piece  uf  wixM  of  the  dimensionB 
tjuired  to  resist  the  strain  is  entirely  too  heavy.  The  cars 
T  this  method  nf  dumping  n.re  built  so  th:il  (he  hnnki;  i>  of 
le  spreader  can  lje  attached  l«  the  side  at  the  rear  end  of 
Ic  car,  as  shown.  At  (/  there  is  a  carrj-ing  honk  to  hold 
3  the  spreader  from  the  wheels  nf  the  car  while  the  car  is 
tccndins:  and  descending  llie  plane.    The  wheels  of  the  car, 

ascendint:  the  plane,  strike  the  horns  r;  the  engineer  in 
large  of  the  engine  continues  to  hoist,  km  thai  the  body  of 
ic  car  turns  aronnd  the  front  axle  into  the  position  shown, 
constant  pull  being  maintained  upnn  the  rope. 
This  method  of  d\imping  is  known  at  the  mine  as  the 
trward  dump,  in  distinction  from  the  one  where  the 
K>r  is  placed  at  the  rear  in  ascending  the  plane. 
The  arrangement  /  is  used  for  i>pcninK  the  latches  jf  on 
e  car.  Whsn  the  wheels  of  the  car  strike  the  horns  c,  the 
tches  of  the  car  are  directly  above  /,  and  as  the  car  is 
iscd  the  part  ^' presses  down  on/",  thns  ri-ticving' the  door. 
In  dciigning  the  above  style  of  dump,  the  main  point  is  to 
K  the  hind  whccU  k  ni  the  mine-car  to  strike  the  short 
lucklc  /',  so  that  when  the  car  is  lowered  it  will  move  down 
te  plane  without  the  assistance  of  any  one  tu  start  it  off. 


2St  7.  Fig.  KU-l  shows  the  method  of  dumping  and 
fitting  the  coal  directly  into  the  breaker  from  a  slope  that 
I  on  a  very  heavy  pilch.  Generally,  where  the  slope  is 
itching  above  i»<i'  it  is  not  economical  t<»  hoist  the  coal  to 
ie  surface  in  mine-curs,  liut  to  accomplish  it  liy  the  use  of 
unboats,  or,  as  they  are  sometimes,  called,  maHttors. 

The  following  reasons  are  given  for  this:  Much  labor  is 
ivcd  in  switching,  running  the  cars  un  and  off  the  slope, 
Uacbing  and  detaching  the  rope  at  the  bottom,  and  the 
ime  operations  at  the  top.  When  hoisting  up  a  slope  where 
jie  pitch  is  heavy,  the  strain  on  the  car  is  very  great;  this 
ends  to  cause  accidents,  and  makes  it  necessary  to  have  cars 
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of  bclicr  coiislruction  than  would  otherwise  be  ncrcssary  If 
the  pilch  were  lighter.  Tn  prevent  the  cnal  from  falling 
out  of  the  cars,  coverings  arc  attached  ti>  them,  st>  th»l  whovj 
they  reach  the  fool  of  Ihc  slope  these  coverings,  or  doors,  ar 
placed  in  position.  This  operatiim  requires  time  and  son 
what  delays  the  steady  movumcnt.  that  Is  always  (oiuiil 
necessary  in  nrtlcr  to  do  good  work  al  the  fooi  of  the  slop*. 
In  some  cases  a  number  of  cross  rails  arc  put  on  top' 
the  cars,  which  render  thera  very  difficult  to  load,  and 


prevent  them  from  being  properly  filled.  For  these  rcasi>ns 
thii  gunboal  is  used  on  heavy  pitches.  Where  the  gunboat 
is  in  use  the  mine-cars  circulate  only  in  the  underground 
workings,  their  contents  being  dumped  into  the  gunboat  al 
the  bottom  of  the  slope  or  at  any  other  convenient  point 
upon  it.  ^H 

2ms.     The  gunboat  is  a  Bt'lf-dumpinp  ear,  very  solidl^ 
constructed,  open  at  one  end.     It  has  a  capacity  of  two  or 
three  ordinary  mine-cars.     The  figure  shows  the  side  and 
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tht  part  of  an  end  elevation  of  s.  gunho&t.     The  one  shown 

IS  biitit  of  nak  timlier,  linrd  inside  with  heavy  sheet  iron, 
|r  many  cases  ttic  gunboat  is  built  throughout  with  boiler 
iron.  The  wheels  are  shrunk  ujioii  the  a.\te»,  wliicli  are 
kcatcd  in  specially  desitjned  iJcdi^^tulH. 

f  On  the  axle  at  the  rear  end  o(  the  gunboat  a  wheel  tt  is 
ftlaced  which  works  loosely  upon  the  axle;  having  a  wider 
yaiitjc.  it  sirike-i  the  auxiliary  track  ^  just  before  the  front 
IvheeU  of  the  giniboaC  reach  the  knuckle  c. 

The  same  object  is  sometimes  accum|jlished  by  making 
the  hind  wheels  of  a  very  much  broader  tread  ihiin  the 
front  wheels. 

The  auxiliary  track  ^  is  a  heavy  rail  bent  to  the  proper 
nirve  and  securely  supported  and  fastened. 

Where  gunboats  are  in  use  it  is  frequently  the  case  that 
juitc  high  towers,  as  shown  in  the  figure,  arc  necessary, 
rhich  require  considerable  bracing  to  withstand  the  great 
train  t<>  which  Ihey  are  subjected  by  the  great  weight  that 
t  rai«tid  at  one  time.  The  breaker  in  this  case  is  erected  at 
he  ftide  of  the  tower,  the  eital  being  first  duni|>ed  into  the 
Dclined  chute  U,  and  from  there  conveyed  into  the  chute  r, 
rhich  is  at  right  angles  to  the  chute  U. 

'  The  bars  over  which  the  coal  then  runs  to  remove  the  finer 
izes  are  arranged  in  a  chute  parallel  to  the  chut«  </,  or  very 
learly  so. 

2^19.  fJn  slopes  with  very  heavy  pitclies,  where  the 
nine-cars  are  brimght  to  the  surface,  what  is  known  as  the 
ilopc  transfer  eurrluiru  is  uaed,  a  side  view  of  which  is 
hown  in  Fig.  IDIS.  The  miin;-car  .-/  is  hoisted  with  a  tri- 
lOgularly  shaped  carriage  whose  frame  A'  /V  /I  is  huilt  at  an 
ipgle  to  suit  the  slope  C  C  C,  and  on  top  of  which  the  car  A 
ests  while  being  hoisted. 

The  CHT  is  held  in  place  by  a  drop  platform  /?,  an  arrange* 
bent  which  allows  that  portion  of  the  platform  of  the  car- 
jagc  nndcmcath  the  wheels  of  the  car  to  sink  into  the 
Sarriagc  a  sufficient  depth  to  keep  th';  car  from  running  off. 

lis  drop  platform  is  a  separate  frame,  with  the  cross-pieces 
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/:,  A  a  little  longer  than  the  wheel  liase  upon  which  itic  i 
stands.  These-  crnss-picrcs  project  at  least  4  inches  ovcri 
sides  uf  the  curriace,  m>  that  when  the  catches  arc  put  io 
the  top  ut  hottoin  of  the  slope  they  catch  the  parts  /:".  /: ' 
the  dfdp  platform,  and  the  cage  settling  back  brings  tlie  I'li' 
of  rhe  sKifety  blwks  /•',  /•",  the  cross-pieces  /;,  /;,  toKethcr 
with  ihe  rails  r  of  the  carriage,  and  the  drop  platform  fli»>' 


no.  msk 

with  each  other,  thus  allowing  the  car  to  be  run  on  and  off. 
Wlicn  the  rope  lifts  the  carriuge  ofT  the  catches,  the  dnip 
frame,  which  is  fitted  inside  the  main  frame  in  guides, sinks 
down  the  required  distance,  causing  the  car  to  stand  in  the 
recess.  cffectu.itly  Llockinij  it,  and  preventitiK  it  from  nin- 
ning  off  the  carriage  or  against  the  slope  liinbtrs  during  it* 
transniission  up  and  down  the  slope. 
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rnsornc  cascH  these  carriages  run  to  the  top  of  the  breaker, 
•here  the  car  runs  dircet  from  the  carriage  to  the  dump; 
Of  the  mine-car  is  taken  ofE  at  the  mouth  of  the  lilope,  and 


The  cars  reach  the  top  of  the  breaker  by  some  one  of  the 
mcthoiis  that  have  been  or  will  be  described. 

2820.    Fig>  lOlOshows  the  arrangement  for  gettinff  the 

U  to  the  tup  of  the  bre;ikcr  by  muuns  uf  a  link-belt  huist. 
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This  hoist  is  in  use  where  the  Uiadcd  rars  from  ii  shaft 
dl>ening  run  by  gravity  tn  the  foot  of  the  inclined  plane  «, 
where  they  are  fed  on  cither  side  6  or  c  of  the  plane.  Tlw 
empties  arc  returned  by  :i  third  track  tf,  located  in  the  cen- 
ter of  the  plane,  as  shown.  Tn  order  that  the  empties  an 
be  rc-lurned  m  the  shaft  opening  by  gravity,  they  are  uken 
off  the  plane  liy  means  of  an  overhead  trestle  c. 

This  hoist  is  driven  by  the  breaker  engine,  the  geariofi: 
being  so  arranged  th:ti.  the  hoist  can  be  stepped  and  started 
with(>iit  interfering  with  the  running  of  the  engine. 

The  car,  in  running  to  the  foot  of  the  plane,  is  ttcotclicd, 
which  is  a  term  used  at  the  mines  to  denote  a  method  of  hold- 


Ki(i,  miT. 

ing  the  car  in  the  one  position.     Here  it  remains  until  t>nc 
of  the  projecting  attachments  on  the  vhala  (itches  hold  of 
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the  mine-car  axle  and  conducts  it  up  the  plane.  These  pro- 
jections, or  grips,  are  attached  to  the  chain,  and  located  such 
a  distance  apart  as  to  regulate  the  feeding  of  the  cars  to  the 
dump  in  accordance  with  the  time  required  in  dumping. 

The  figure  does  not  show  the  arrangement  of  any  safety 
attachments,  but  at  the  mines  where  a  chain  hoist  is  in  use 
a  safety  device  is  generally  located  on  the  plane  at  every  10 
or  12  feet,  to  prevent  the  loaded  cars  from  descending  and 
doing  any  damage  in  case  of  an  accident  to  the  chain. 

2821.  Fig.  1017  shows  a  very  cheap  but  efficient  sys- 
tem of  blocks  used  in  connection  with  chain  hoisting.  The 
blocks  are  made  of  oak,  shod  with  ^^-inch  iron  on  the  side 
towards  the  rail.  The  blocks  are  fastened  to  the  plane  at 
their  lower  ends  a.  This  fastening  serves  as  a  hinge.  The 
block  is  further  supported  by  the  piece  b,  which  acts  as  a 
brace.  The  block  c  is  kept  in  position  on  the  rail  by  the 
round  green  oak  stick  d,  which  is  very  clastic  and  acts  as  a 
spring.  It  is  fastened  to  the  block  by  means  of  a  staple  e, 
!ind  to  the  plane  by  the  staple  f.  As  the  car  goes  up  the 
plane,  the  wheels  of  the  car  push  the  block  c  aside;  after  it 
"as  |)assed,  the  block  resumes  its  position  on  the  rail,  on  ac- 
ciuni  of  the  tension  of  the  spring  pole  d.  The  cars,  after 
being  dumped,  are  returned  over  the  empty  track  g^  which 
bas  a  descending  grade  to  the  mine  opening. 


Machinbrv  used  in  the  preparation  of 

COAL. 


CLASSIFICATION. 

2S22.     The  machinery   used  in   the   preparation  of  an- 
thracite coal  is  divided  into  the  following  classes: 
Machinery  for  sizing  the  coal. 
Machinery  for  breaking  the  coal. 
Machinery  for  separating  the  slate  from  the  coal. 
Machinery  used  for  conveying  the  cual  into  the  breaker. 
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MACHIKKHV  POR  BIZITtG  THE  COAl.. 

2823.     This  m.iy  lie  dividwl  into  two  classes:  (1)  fii 
or  movable  (wirs  and  (%)  fixetl  or  movable  screens. 

In  the  first  class  the  ni>rnings  through  which  the  oat' 
falls  aru   miu'h    lun^jur   tlian    they    arc   wide,    while  in  th« 
second  cliiKS  they  arc  nearly  scjuan:. 

In  special  c.-iscs  the  Hrst  oIass  inny  be  used  to  lake  out 
dust  or  tine  coal,  otherwise  il  is  seldom  employt'd,  vxcfy. 
fur  large  coaI,  or  when  exact  sizing  is  not  important.  The 
reason  is  that  long  flat  pieces  fall  out  with  the  cubical  [ji«« 
of  much  smaller  dimensions,  rendering  the  coal  tbu»  siicJ 
very  irregular  in  form, 

2H24.  There  arc  three  types  of  the  first  class  in  com- 
mon use: 

1.  Bars  supported  at  both  ends,  which  arc  cither  fixed  or 
adjust  abb. 

y.  Finger-bars,  supported  at  one  end. 
3.  Oscillating  bars. 

2825.     I.   The    buns   Bupp4>rt«d    ut    both  ends  are 

either  fixed  or  adjustable,  the  former  being  in  more  general 
use  than  any  other  type. 

One  great  object  to  bearcomplished  in  screening,  whatever 
the  type  of  bars,  Is  to  get  the  coal  to  nm  freely  over  them, 
so  that  the  bars  will  not  become  clogged  up,  Bars  thai 
arc  made  flat  da  not  accomplish  this  object  as  thoroughly 
as  pointed  or  rounded  ones,  because  on  a  Bat  bar  Ihc  fine 
fragmiMUs  have  no  special  tendency  to  run  into  the  opci^_ 
iiig4i  between  the  bars.  ^M 

Bars  with  a  rounded  head  are  in  more  general  use  in  the 
anthracite  region  than  any  other  form.  The  one  shown  at 
v4.  in  Fig.  1018,  is  a  fixed  bar  supported  at  both  ends.  This 
type  is  made  of  cast  iron,  placed  and  supported  as  shown  at 
B.  The  top  of  the  bar  is  cylindrical  and  projects  beyond 
the  web  which  supports  it,  so  that  any  hunp  which  passes 
through  ihL-  upper  part  will  fall  (recly  without  jamming. 
This  type  of  hat  is  usually  made  alKuit  4  feet  long. 

The  adjustable  bar  supported  at  both  ends  is,  as  the  name 
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implies,  one  whose  position  can  be  adjusted.  The  coal  to 
be  sized  is  made  to  slide  longitudinally  over  it. 

The  ends  of  the  bars  are  made  V-shaped,  to  fit  into  similar 
grooves  on  the  transverse  pieces  by  which  they  are  sup- 
ported. The  bars  can  be  placed  at  any  required  distance 
from  each  other,  the  usual  opening  being  3^  to  i  inches. 

The  flnger-bara  shown  at  C  are  an  improvement  upon 
the  bars  just  described  and  those  in  ordinary  use. 

The  lower  end  /  of  the  bar  is  entirely  free,  and  the  bars 
are  narrower  at  /  than  at  the  upper  end  ^,  so  that  should 
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any  lump  become  wedged  it  is  likely  to  be  loosened  by  the 
first  lump  which  strikes  it. 

In  the  vertical  edges  of  the  upper  end  of  the  bars  are 
two  half  holes  //,  by  which  they  are  bolted  to  the  beam  or 
bearings. 

2820.  Movable,  or  oscillating,  bars  consist  of  two 
frames,  each  carrying  a  set  of  narrow  bars,  placed  suffi- 
ciently far  apart  to  allow  coal  of  the  required  size  to  pass 
between  the  bars  of  each  pair.  The  bars  are  oscillated  back 
and  forth  by  eccentrics  on  the  main  driving-shaft,  which  are 
so  connected  with  the  bars  that  the  motion  of  the  latter  is 
approximately  horizontal.     The  throw  given  them  is  about 
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3  inches.     On  ihc  main  or  driving-^aft  there  arc  twotccc 
tries,  placed  ItHi"  apart. 

The  coal  fed  upon  tlii?  apparatus  at  one  end  w'll  bcslowk 
transported  to  the  other  end  when  the  frame  is  set  hori. 
zoiitally,  or  even  if  inclinetl  at  a  sliyht  ang'le.  At  the  Mim 
time  the  t;oaI  is  slightly  jarred,  the  dust  and  dirt  shaken 
and  all  the  small  pieces  are  sure  to  fall  through  into  t 
hopper  below. 

Rcoiprocatinjf  screen  bars  of  this  description  iindoubicOlr 
reduce  the  unumnt  uf  labor  to  be  performed  by  the  men  m 
the  platform,  and  at  the  same  time  reduce  the  height  of  the 
breaker. 


;■ 
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2A27.     Fixed  McrceiiH  consist  simply  of  an   inclintJ 
plane,  formed   either  of   wovcn-wire  screens  <ir  punched  or 
cast  plates,   with  round,  square,  oblonn,  or   other   shaped 
holes.     The  coal  in  thi^  case  is  allowed  to  slowly  slide  or  i 
down  this  plane  by  gravity. 

The  larger  pieces  pass  over  and  the  smaller  fall  through  i 
By  placing  several  screens  with  openings  of  decreasing  sirt 
underneath  one  another,  or  a  scries  with  openings  of  in- 
creasing size  in  the  same  chute  following  <mc  another,  an)' 
desired  number  >.•(  sines  can  be  made.  While  the  coal  is 
being  handled  or  moved  in  the  breaker,  a  certain  proportion 
of  small  pieces  always  breaks  off,  sn  that  when  the  eoal  is 
loaded  from  the  pockets  into  the  cars  it  is  necessary  to  lake 
out  this  finer  coal.  This  is  done  by  allowing  the  coal  to  pass 
over  a  act  of  bars  just  bcftirc  entering  the  railroad-car. 
When  the  fixed  screen  is;  used  for  this  purpose  it  is  known 
at)  the  lip  Hcrccn.  ^_ 

2828.     Movable  Mcrccns  are  among  the  most  impM^ 
tant  parts  of  a  breaker.     They  are  of  two  types.     In  the 
first  type  the  screening  surface  forms  a  cylinder  and  revolves 
about  it5  uxh;  in  the  other  type  the  screening  surface  i^ 
approximately  horizontal.  ^| 

2820.     Before  discussing  the  construction  of  screens 
and  methods  employed,  it   is  first  necessary  to  know  the 
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*i25cs  of  coal  that  are  to  he  preiwri;*!  in  the  breaker.  The 
sizes  generally  prepared  are  as  foilows,  arraiijfed  in  orilcr, 
commencing  with  the  largest  ^ize  lintt:  l.iimp,  Hteam- 
bnnt,  broken,  ukk.  ntovo.clieHtfKit,  pea,  hiickt\'licnt, 
anil  rice.  Lump  cual  is  prepared  uu  thi:  plaiform,  iiiid  all 
the  other  sizes  are  prepared  by  .sizing  in  dilfcrciit  ncreens, 
known  as  the  Hteamlioat,  brukcn,  egg,  stuvc,  chestnut,  pea, 
buckwheat,  and  rice  screens. 

2H30.  A  breaker  generally  hasa  screen  known  as  the 
slate-pickcr  screen,  and  there  are  others  known  as  the  tttatN 
and  ^OHHffr,  or  ww<  scrocnf. 

Screens  arc  made  nlnfc'v  •'■ul  duuhlu  Juckctud,  and  de- 
rive their  name*  from  the  size  of  the  coal  which  ihey  prepare 
in  the  flr»tt  Jacket,  or  in  other  work.  Screens  arc  always 
designated  by  the  sizeof  coal  thaicomes  out  o(  the  end;  for 
example,  the  stcainbuat-coal  in  a  steamboat  screen  comes 
out  of  the  end,  while  all  smaller  sizes  fall  through  the  meshes 
and  pass  on  to  some  *)ther  iWTreen. 

The  term  main  Mcreen  designates  a  screen  preparing 
several  sizes;  for  example,  the  main  screen  usually  prepares 
egg,  stove,  and  chestnut.  althDUgh  it  wmdd  not  l»e  wrong  to 
term  the  above  an  egg-coal  >crcen. 

The  mudttcrcca  is  the  name  given  to  the  i>ne  that  takes 
the  coal  coming  from  the  main  hars,  or,  as  they  are  sometimes 
called,  the  pliitform  Uitm.  'Yhia  screen  is  nian  sometimes 
called  the  counler  Mcreen.  The  term  r*'««Ar-t*"rfi-ff  always 
refers  to  a  screen  that  h  located  above  the  main  screen  or 
other  sizing  screen,  through  which  thccnal  is  run  and  partly 
sizcil  before  entering  another  screen  for  the  final  sizing. 
This  i«  done  in  order  to  get  the  slate  out  of  the  larger  sizes 
of  coa)  by  hand  picking. 

2H3I>  In  many  cases  breakers  have  what  are  known  as 
counter,  mud.  chctitaut.  p«a.  buckwheat,  and  rice 
Kcrceni*.  ThciM!  arc  lofiated  below  the  mud  screens  and 
prepare  the  coal  tli.it  comes  from  the  mud  screens  directly 
for  the  pockets  for  shipment,  or  for  use  at  me  mines  to 
generate  steam.     This  cuat  is  not  mixed  with  the  coal  that 
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comes  from  the  main  crushers  and  tliaC  coming  frocnlbej 
prepared-coal  rolls. 


Slate-picker  H«r«:en»  are  cylindrical  screens  jacketed 
with  cast-iron  segiuent<;,  provided  with  narrow  slits  thruugb 
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fhich  the  flat  pieces  of  slate  fall,  but  through  which  the 
oal  (not  being  flat)  can  not  pass. 

2S32.  Fig.  1019  shows  a  main  screen  used  in  the  an- 
bracite  region,  which  is  usually  from  10  feet  to  30  feet  in 
;ngth.  The  diameter  of  the  first  jacket  a  is  usually  from  5 
J  (i  feet,  while  the  diameter  of  the  double- jacketed  part  iis 
sually  from  6^  to  8  feet.  These  screens  are  set  on  an  in- 
linatinn  of  J  inch  to  1  inch  to  the  foot,  so  that  the  coal  will 
-a.vel  slowly  from  one  end  to  the  other.  They  are  run  at 
■om  8  to  10  revolutions  per  minute. 

These  screens  are  constructed  of  a  number  of  cast  or 
Tought  iron  spiders  set  at  intervals  of  from  3  to  5  feet 
part,  on  wooden  or  wrought-iron  shafts,  although  of  late 
ears  Phoenix  columns  are  being  used  for  the  shafts. 

The  spiders  are  made  up  of  a  cast-iron  hub  c  having  four 
rrought-iron  arms  d  bolted  to  it.  The  arms  are  either 
iveted  or  bolted  to  the  ring  or  circle  c,  and  the  hub  is  keyed 
o  the  shaft/". 

The  jackets  a  and  b  may  consist  of  either  a  series  of  wire, 
ast-iron,  or  wrought-iron,-or  steel  punched  gratings  <if  the 
>roper  mesh,  called  acKments.  In  the  figure  wire  segments 
ire  shown.  The  meshes  of  a  segment  always  refer  to  the 
iize  of  the  openings  that  permit  the  coal  to  drop  through. 
The  distance  between  any  two  spiders  is  referred  to  as  the 
Lst  set  or  row  of  segments,  5(1  set  or  row  of  segments,  etc. ; 
lence,  by  increasing  the  number  of  spiders  the  number  of 
sets  or  rows  of  segments  is  increased.  In  speaking  of  a 
screen,  reference  is  always  made  to  the  back  end  and  front 
end;  the  back  end  refers  to  the  end  where  the  coal  is  fed 
to  the  screen,  and  the  front  end  is  the  end  where  the  coal 
that  does  not  drop  through  the  meshes  is  delivered.  But 
in  referring  to  the  sets  or  rows  of  segments,  it  is  custom- 
ary to  speak  of  the  1st,  ^d,  etc.,  set  or  row  of  segments, 
commencing  to  number  from  the  back  end  towards  the 
front  end. 

The   segments  are   fastened   to   the   rings  e  by  six   bolts, 
three  at  each  end.     As  shown  in  the  figure,  the  segments 
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are  so  arranged  that  iht:  joint  at  any  two,  as^f,  will  comf  in 
tii<^  center  of  a  ^cginciit  in  another  ^-l  '^r  row  a»  A.     inth 
manner  the  scrc«n  as  a  whole  is  firmly  bound  together. 

The  jackft  ft  is  s|ii)k<.'n  of  as  the  double  or  outside  jart 
The    meshes   u(    the  Kegnieiii^i  of   this   jacket    aru  aJwj 
smaller  than  those  of  the  segments  of  the  first  jacket, 
thuse  directly  under  it. 

The  second  or  la»t  row  of  segments  ^  on  the  outsKic 
jacket  is  made  quite  different  from  any  other  of  the  seg- 
ments shown. 

A  Kmnll  opening  from  H  inches  to  0  inches  is  made  in  llits 
segment,  so  that  the  coal  that  docs  not  pass  through  the 
meshes  of  the  segments  comiiosing  the  outside  jacket  can 
drop  out  before  coming  It  the  end  of  the  set  of  scgmcnt!>^ 
This  is  done  so  as  not  to  interfere  with  the  coal  that  dr 
through  the  meshes  in  the  set  <i. 

The  Hillside  jacket  is  supported  l>y  pieces  of  gas-pipe  i, 
which  envelop  the  arms  of  the  spider  projecting  through  the 
circle  of  the  first  ja.okct.  The  circle  for  the  first  jacket  ovci 
which  the  double  jacket  is  located  is  supp<iricd  by  coIUrs 
provided  on  the  spider  arms.  That  part  of  the  arras  which 
projects  beyond  thi^  g.as-pipe  and  outside  circle  is  either 
riveted  or  threadt^d  aii<l  titted  with  a  nut. 


2N33.  Two  methods  of  driving  screens  are  in  com- 
mon use: 

1.  By  bevel-gears  on  the  screen  shaft,  usually  at  the 
front  end  of  the  screen. 

a.  By  spur-gears  on  the  periphery  of  the  screen,  at  its 
back  end,  as  shown  in  Fig.  llHO.  This  large  gear  is  always 
cast  in  one  piece,  and  also  contains  the  circles  for  the  inside 
and  outside  jackets. 

The  ]iiiiinn  J  is  usually  placed  under  the  screen,  and  iis 
shaft  is  always  horizontal,  This,  of  course,  gives  a  grcate* 
bearing  on  one  sidt^  of  the  teeth  than  on  the  other,  and  in 
time  one  side  becomes  greatly  worn,  while  the  other  side  ii 
comparatively  unworn.  The  pinion  is  then  changed  end 
for  end. 
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The  screen  is  supported  at  the  back  end  by  a  hanger, 
le  one  shown  is  made  up  of  three  parts.  The  part  k  is 
Itcd  to  one  of  the  main  stringers  in  the  breaker.  The 
rt  /contains  a  smail  saucer-shaped  depression  which  sup- 
rts  a  correspondingly  shaped  projection  of  the  bearing  m. 
le  one  fits  into  the  other,  thus  allowing  a  free  and  easy 
)veinent  for  the  screen  shaft.  The  bearing  contains  two 
these  saucer-shaped  projections,  so  that  as  it  wears  away 
can  be  inverted.  In  many  cases  the  parts  k  and  /  are 
X  in  one  piece,  with  an  opening  in  the  back,  so  that  the 
iring  can  be  inserted. 

The  segments  at  the  back  end  of  the  screen,  or  the  end 
o  which  the  coal  is  fed,  have  the  smallest  mesh,  and  those 
the  front  end  have  the  largest  mesh.  Wire  segments 
ke  the  finest  separation  of  coal;  but  where  water  is  used 
:  wires  soon  slip,  which  increases  the  size  of  some  meshes 
i  decreases  the  size  of  others.  Cast-iron  segments  are 
lerally  used  for  the  steamboat  and  broken  coal  screens, 
ile  punched  wfought-iron  segments  are  used  for  the  rice- 
l1  screens,  although  in  many  instances  the  latter  are  used 
all  types  of  screens, 

2S3-4.  The  coal  that  enters  the  screen  shown  in  Fig, 
Id  contains  every  size  below  that  of  broken  coal,  which 
s  first  been  separated  by  a  broken-coal  screen.     The  first 

0  sets  of  segments  remove  the  dirt,  rice,  buckwheat,  pea, 
d  chestnut.      These  sizes  enter  the  double-jacketed  part. 

1  sizes  below  chestnut  drop  out  of  this  jacketed  part,  while 
e  chestnut  comes  out  at  the  end  and  passes  to  a  slate- 
:ker  screen,  or  to  a  screen  known  as  the  chestnut-coai 
recn,  which  is  generally  double-jacketed  and  carries  a  row 

slate-picker  segments.  This  screen  is  usually  4  feet  in 
ameter,  with  an  inclination  of  \  of  an  ii\ch  to  the  foot,  and 
ns  at  the  rate  of  15  revolutions  per  minute.  The  double- 
cketed  part  is  used  to  take  out  the  pea  coa!  that  may  have 
mained  in  the  chestnut.  Theslate-[)icker  segments  in  this 
reen  take  out  the  flat  slate.  Tlic  chcstnMt  coal  coming 
It  of  the  front  end  of  the  screen  passes  on  either  to  a  jig  or 

the  coal  pocket. 
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The  coal  Uiat  dropped  through  the  meshes  of  thisdogbit 
jacket  fit  the  main  screen  passes  on  to  a  pea-coal  screen. 
This  is  also  a  dimbk'-jafkcted  screen.  The  first  jackel  U 
usually  i  feet  in  diameter  and  the  jacketed  portion  4  (wi 
6  inches.  This  screen  has  usually  a  J*  lo  j('  pitch,  and  rtmi 
al  the  raieof  in  to  20  revolutions  pcrmimitc.  The  pcacoaJ 
comes  out  of  the  end  of  the  first  jacket,  and  what  drc.(e 
through  the  meshc»  is  buekvheAt,  rice,  and  culm;  the  buck- 
wheat comes  nut  of  the  eiul  nf  the  double  jacket,  while  t!ie 
rice  and  cii!m  pass  through  the  meshes  and  are  carried  nnw 
the  ricc-coal  screen.  The  rice-coal  screen  \s  a  single-jacketcil 
screen,  usually  about  1*2  feet  long,  4  feet  in  diamctrr.  anil 
has  an  inclination  of  ^  inch  to  the  ftxit;  it  runs  at  the  rate 
of  13  revohitions  per  minute.  The  rice  comes  out  of  tbe 
end,  while  the  culm  passes  tbroiitjh  the  meshes  and  out  int" 
the  culm  pocket.  The  chestnut,  pea,  and  rice  swrreen*  ate 
usually  run  by  bcvcUgcars  on  the  screen  shaft  at  the  front 
end  of  the  screen. 

The  coal  that  comes  through  the  slnglc-jacketed  portion 
a  of  this  main  screen  is  known  as  stove  coal,  while  that  cunn- 
ing out  of  the  end  is  egg  coal.  The  stove  coal  is  either 
carried  to  a  set  of  jigs  or  run  over  inclined  chutes,  known  K 
the  pluklntf  cliutuH,  the  egg  coal  going  through  a  sim- 
ilar  operation. 

2835.     The  meshes  for  the  different  segments  used  to 
the  sising  of  coal  arc  given  in  the  following  table: 
Culm  passes  through      ^>g-inch  mesh  (round). 
Rice  passes  over  j^^-tnch  mesh  and  through    |-in.  m|. 

Buckwheat  pa.s,ses  over    §>inch  mesh  and  through    J-in.  st). 
Pea  passes  over  ^-inch  mesh  and  through    }-in.  sn 

Chestnut  passes  over        |-inch  mesh  and  through  l|.in.  sq. 
Stove  passes  over  Ig-inch  mesh  and  through    3-in,  sq. 

S-inch  mesh  and  through  'ij-in.  BH- 

2J-inr'h  mesh  and  through  3J-in.  sq. 

Steamboat  passes  over  .'U-inrli  mesh  and  out  end  of  scrcea. 

Lump  p;u<ses  over  platform  liars  thai  are  set  from  3^  tol 

inches  apart. 


Egg  passes  over 
Broken  pa.'wes  over 
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2836.  In  Fig.  1020  A  and  B  show  a  cross-section  and 
side  view  of  the  part  of  a  main  screen  where  a  wooden 
shaft  a  is  used. 

From  this  figure  it  is  seen  that  the  parts  f  and  </ of  the 
ipider  are  made  of  wrought  iron  and  in  one  piece.  The 
icreen  circle  ^  is  made  in  one  piece  and  joined  by  bolting,  as 
shown  at  A.  The  screen  circle  b  is  secured  to  the  spider 
irms  I'/either  by  riveting,  as  shown  in  the  figure,  or  by  bolting. 

The  spiders  are  secured  to  the  screen  shaft  d  by  a  series  of 
wedges  driven  between  the  shaft  a  and  the  web  part  c  of  the 

b 


A  ** 

Pic.  loao. 

spider.  These  wedges  are  single  tapered  wedges,  made  of 
oak  or  yellow  pine,  and  are  driven,  as  shown  in  the  figure, 
from  c  and/,  so  that  one  overlaps  the  other. 

To  prevent  the  screen  shaft  a  from  wearing  out  by  the 
continual  striking  of  the  coal,  it  is  covered  either  with  light 
sheet  iron^,  or  J-inch  oak  boards.  The  shaft  n  is  generally 
either  white  or  yellow  pine  timber,  14  inches  X  H  inches  in 
cross-section.  The  bearings  at  the  front  and  back  end  of 
the  screen  are  specially  designed  cast-iron  pieces,  called  the 
screen's  gudgeon.  These  gudgeons  are  fastened  to  the 
wooden  shaft  by  a  number  <>(  large  bolts  passing  through  it. 

2837.     Fig.   10-Jl  shows  a    Plmenlx    column    shaft, 

which  is  fast  taking  the  place  of  the  wooden  shaft  for  main 
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Sicreens,  and  ul«t  ibe  wroiijrlu  and  cast  Iron  shafu  U^i 
Miialler  screens.  An  shuwii  in  the  figure,  the  end  boshing 
arc  of  cast  irtjii.  and  arc  riveted  in  place  to  lh«  Plucnix' 
umn,  making  a  very  substantial  piece  of  work.  These  shaft) 
are  verj*  light  for  their  strength,  and  serve  their  ptirj 


Fio.  ion. 

admirnhly.     The  spiders  used  on  these  shafts  arc  a  casi-irwi 
hub  with  wr<m(jht-iron  arms,  fastened  tu  the  shaft  by 
screws. 


■a 


2H3H.  The  Htu:iinl>oiit  HcrcenM  arc  usually  from  I 
feel  to  (i  feet  in  diameter,  and  never  more  than  U  feel  to  P' 
feet  in  length.  They  have  an  tnclinalimi  cif  |  inch  to  the 
foot,  and  are  run  f  rum  ID  lu  IS  revolutions  per  minute.  The 
screen  shafts  are  wroupht  iron  and  solid  Uiroughout.  Th* 
spiders  in  this  screen  are  cast  iron,  in  one  piece,  and  are 
keyed  to  the  shaft.  The  segments  are  cast  iron.  This 
screen  takes  ihe  coa!  as  it  cmne^  from  the  main  rolls  or 
crushers.  IJoth  meihodsin  use  fur  driving  screens  are  used 
to  drive  this  screen,  although  the  spur-gearing  on  the 
periphery  of  the  screen  and  small  pinion  is  used  almost  ex- 
clusively. In  many  cases  the  screens  arc  doublc-jaekctc^ 
the  outside  jacket  permitting  the  sises  below  broken  to  pa5fi 
through,  the  broken  coining  out  of  the  end. 


28^i9>  The  broken-coal  Mcrvvn  is  a  screen  that 
very  rarely  double-jacketed.  It  is  from  4  feet  to  G  feet  in 
diameter,  usually  from  9  feet  to  13  fevtt  in  length,  with  an 
inclination  nf  J  inch  lo  the  foot,  and  is  run  10  to  i;l  revolu- 
tions per  minute.  The  segments  used  on  this  .screen  arc 
either  cast  iron,  wire,  orpuntrhed  wrought  iron.  It  is  usually 
driven  by  the  large  periphery  spur-j;:ear  and  pinion,  in  pre- 
ference to  bevelrfTcars.  It  lakes  the  c<.al  iis  it  comes  f 
the  prepared  rolls,  often  called  the  mnnlcey  rolls. 
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2S40*  For  cleaning  the  very  smallest  sizes  of  coal,  as  pea, 
buckwheat,  and  rice,  a  pentag^onal  Hcreen  is  often  used; 
that  is,  the  screens,  instead  of  being  circular,  are  in  the  form 
of  a  pentagon.  These  screens  have  about  the  same  dimen- 
sions as  the  circular  screens,  but  run  at  a  very  much  higher 
speed,  varying  from  30  to  35  revolutions  per  minute.  This 
Eorm  is  used  to  give  the  coal  a  greater  stirring  up.  They 
Ire  always  single-jacketed,  and  are  used  solely  to  get  rid  of 
the  dirt. 

28-41.  When  the  coal  is  wet  and  dirty,  washing  is  nec- 
essary to  remove  the  dirt  that  adheres  to  each  fragment. 
This  is  accomplished  by  a  series  of  small  streams  or  jets  of 
water  falling  upon  the  coal  in  the  screens  from  a  perforated 
pipe  or  trough  above  the  screen.  Or,  the  trough  is  set 
level  and  the  water  is  fed  into  it  from  below  from  a  tank 
irhich  is  so  located  as  to  give  a  certain  amount  of  head  to 
the  water,  causing  a  uniform  overflow  throughout  the  whole 
length  of  the  trough.  This  washing  is  quite  necessary  to 
enable  the  slate  pickers  to  distinguish  the  slate  and  bone, 
and  at  the  same  time  it  makes  the  coal  more  salable. 

In  order  that  the  screens  may  do  their  proper  sizing,  they 
should  not  be  overcrowded;  for  when  they  are  crowded  with 
coal  a  considerable  quantity  of  one  size  becomes  mixed  with 
that  of  another.  To  overcome  this,  some  breakers  have 
automatic  screen  feeders. 

28-42.  The  capacity  of  ncreens  depends  upon  the 
amount  of  screening  surface,  the  inclination,  and  the  speed 
at  which  they  are  run.  Increasing  the  pitch  has  the  same 
sffect  on  the  screening  as  shortening  the  screen,  but  it  in- 
creases instead  of  diminishes  its  capacity.  Hence,  the 
«:reening  capacity  in  large  breakers  is  increased  by  increas- 
ng  the  pitch  of  the  screens,  although  to  secure  thorough 
icreening  very  long  screens  are  necessary,  while  at  breakers 
landling  a  small  output  the  screening  may  be  equally  well 
ionc  by  short  screens  with  a  very  small  inclinatii>n. 

To  give  some  idea  of  the  capacity  of  screens,  the  following 
ire  the  results  of  tests  made  in  the  anthracite  region.  The 
t\    111.-29 
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first  wns  that  of  a  main  screen  (dry)  with  ^inch  pitch, 
18  feet  long.  The  first  jacket  was  S  feet  in  dtauieter.  It 
also  contained  a  jacket  for  chcstmit.  flj  feet  in  diameter  anil 
7^  feet  in  length.  The  screen  was  run  at  a  spctrd  of  HI  m- 
olutionei  per  minute.  The  meshes  for  the  outside  judxi 
were  J  inch.  The  first  jacket  had  8  feet  of  I|-inch  mc>h«, 
white  the  rem»indc;r  was  made  uf  'j-inch  meshes.  The 
amonnc  of  egg  coal  that  came  out  the  end  was  »ix  tons  per 
hour;  the  amount  of  stove  coal.  Icn  tons  per  hour,  and')! 
chestnut,  nine  tons  per  hour. 

The  next  test  was  that  of  a  pea-coal  screen  1  feet  intliam- 
cter,  VZ  feet  long.  J-inch  pitch,  and  running  at  thtratcf 
H  revolutions  per  ininttte.     The  streen  was  a  wet  one  and 
supplied  with  an  abundance  of  water.     The  meshes  in  the 
first  jacket   were  A  inch  square.      The  buckwheat   passfri 
over  a  |-inch  niesli  and  the  rice  overa  ^-inch  inesli,  jiiuiched 
plates  being  used  throughout.     Kight  tons  of  pea  coal  pc'' 
hour  came  out  the  end  of  the  first  jachct.  and  the  ani'>u''t| 
pa.'ised  through  the  first  jacket  was  five  tons  of  buckwhesLl 
and  ten  tons  of  rice  coal.      The  above  was  calculated  ill 
a,  240  pounds  to  the  ton.     On  account  of  the  water,  it  wi 
found  very  difficult  to  get  the  amount  of  culm. 

Three  tests  were  made  of  the  above  screen,  and  gave  tf.l 
and  10  tons  per  huur,  respectively,  of  pea  coal.  It 
found  that  8  tons  per  hour  was  about  all  the  screen  antii 
size,  for  when  tetited  for  10  Cons  it  was  quite  impossible  to 
size  the  buckwheat. 


284H.     In  another  type  of  movable  screens  the  scr 
ing  surface  is  approximately  hurixontal,  and  the  motion  ar 
action  is  similar  to  that  of  an  ordinary  hand  sieve.     Sut 
a  screen  is  shown  in  Fig,  lU'jy,  and  is  known  as  the  m1 
king  Kcreen.or  Mhuker.     This  type  of  screen  is  used  for' 
sixing  sm.ill  cn.ils;  the  one  slinwn  in  the  figure  being  made 
for  sizing  pea.  buckwheat,  and  rice. 

Thi.s  screen  is  moved  biirkwards  and  frirwards  by  means 
of  the  eccentrics,  as  shown.  This  motion,  combined  with 
the  inclination  of  the  screen,  causes  the  coal  which  is  fed 
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C  while  the  culm  passes  tbrough  the  meshes  in  th« 
om. 

S44.  Th«  shaking,  pentUKonal,  and  circular  screeni^ 
c  very  well  (or  the  smaller  sizes  of  coal,  where  they  a«-' 
paratively  dry,  but  where  they  are  wet  it  is  very  difli- 
to  get  nut  the;  tlirt  antl  make  a  complete  separation, 
avcrcumc  this  a  machine  has  been  invented  which  is 
rn  as  the  Rlahtvr  ciuil  wunliur  and  NUpiiratnr,  and 
;h  is  shuwn  iu  Fii;,  l()2y.  Its  main  feature  is  a  screen 
(J,  provided  with  perforated  pkitc-s  upim  both  lop  and 
om.  and  it  has  also  a  slate  pocket  ^  near  its  lower  end. 
screen  box  is  submerged  in  water  and  is  inclined  towards 
x>al  elevatori'.  This  wreen  box  is  given  an  iip-and-dnwn 
ion  and  at  the  same  time  a  hackward-iLnd-forward  mutinn 
leans  of  the  different,  eccentrics  used,  which  arc  driven 
he  bcvcl-gcaring,  as  sliown. 

ic  coal  is  fed  into  the  screen  box  at  its  upper  end  </,  and 
motion  of  the  screen  box,  aided  by  its  downward  inch- 
in,  cauwfs  the  coal  and  slale  lo  work  forwar<l;  the  slate 
g  heavier  is  deposited  in  the  slate  pocket,  while  the 
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coal  is  carried  and  delivered  lo  the  elevator  r,  where  U  is 
discharged  into  a  thutc,  whkh  luads  citlier  tn  a  jKickeL  I'f  t'> 
a  sizing  screen.  The  slide  in  Uw  bottom  of  the  slate  pocket 
ft  is  opened  from  time  to  time,  as  shown,  by  means  of  live 
rods  and  levers.     The  I)ottom  of  the  tank  is  ineiinvd,  which 
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allows  the  (ilateand  mud  to  pass  very  readily  to  the  elevator 
g  which  removes  it.  ■ 

28-45.  Another  method  that  is  used  for  cleaning  the 
smaller  coals  before  siting*  is  shown  in  Fig.  lO'H,  whirh  rou- 
siftts  of  a  water-tight  tank  a,  filled  with  water  to  the  )iiK 
marked  (>.  The  tank  is  closed  at  the  top  by  the  perforated 
plate  r,  having  hi>!ps  to  suit  the  Bniallcst  sire  of  coal  to  be 
separated.  The  plate  r  extends  up  the  inclined  ehutc  </,  sti 
as  to  permit  the  drainings  to  get  back  into  the  tank  ci. 
An  endless  irunveyor  c  is  iiwd  lo  draji  the  mingled  cnal  and 
dirt  over  the  plate  c  aiidii))  the  inclined  tUultw/.  The  i:ulm 
containing  the  coal  to  be  washed  i$  supplied  by  the  chute/. 
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:'hiB  culm  (alls into  ilic  wau-r,  is  moved  along  nnd  thoroughly 

timed  up  and  tumbled  i>ver  and  over  upon  the  perforated 

iLite  f  by  the  conveyor.      In  this  oiK-ration    the   fine  din 

'■  sinks    tlirotiph  the  pcrf orations  and  falls  into  the  bottom 

of  the  tuiik,  wbilu  the  coal  is  Uioruu^hly  wu.shcd  and  moved 
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along  the  bottom  and  up  the  inelincd  chute  //,  to  he  delivered 
to  screens  or  other  rercpucles,  as  may  be  desired.  The  dirt 
which  accumulates  in  the  bottom  of  the  tank  is  discharged 
by  means  ^f  the  slush  bos  _^.  wliich  has  two  wedijc-shaped 
(;li()es  A  and  i:  L^pon  the  nppL-r  surfarc  of  the  slide  is  a 
piece  of  oab  woonl.  The  slides  move  in  a  casting  which  has 
on  each  side  a  taper  groove,  whose  wedging  action  furnishes 
a  water-tight  joint. 

The  discharging  is  performed  by  the  first  opening  /(,  i  re- 
maining closed;  the.  5iic  mud  that  was  above  /t  is  then 
lowered  to  A';  b  is  then  closed  atid  k  iipcned,  which  dis- 
oharges  the  waste  without  letting  the  water  out  of  the  tank. 
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2&4B.     GyrntliiK  Scrc«;n», — Another  typeot  movaW 
screen  in   i»sc   at   some  of  the  uollicrics   in  the  anthracita 
region  is  known  as  the  leyrntliifc  Mcrcvn.      This  screen 
receives  a  gyrating  motion  like  the  motion  a  ntoldcr  gives 
to  his  sieve  when  sL-reening  )ii<(  sand. 

The  great  advantage  claimed  for  this  type  of  screen  is  that 
the  whulc  surface  of  the  screen  is  constantly  in  actinn,  while 
in  the  revulving  screen  of  say  5  feet  in  diamcler  only  about 
B  inches  of  the  IC  feet  circumference  is  at  any  time  in  actiun. 
unless  the  screen  is  overcrowded;  therevolving<if  the  scr«n 
acts  like  an  elevator,  and  tends  to  throw  the  c<»al  back  into 
the  screen. 


2847.     Fig-  l^W  shows  a  single  gyrating  screen,  which 
is  made  of  two  parts:  the  upper  or  screen  bnx  and  the  lowrr 

ur  box  bed-plale.  The 
ricrccn  box  is  made  up 
uf  shelves,  varying  iii 
n limber  fmm  2  to  *!, 
depending  upon  the 
Kize  of  material  to  be 
screened.  The  l>o£  is  « 
feet  wide  and  3  feet 
I(ing,  inside  measure- 
ments, giving  'il  s<iiiarc 
feet  of  screen  surface 
per  shelf.  The  boxes 
are  made  from  1  font 
to  t  feel  deep.  The 
smaller  the  size  of  coal 
the  closer  to  each  other 
tlic  shelves  can  be  pul. 
On  the  shaft  shovn 
in  the  lied-plate  a  ptll- 
It-y  if  placed  ti>  drive  the 
screen.  The  targe  whe«I 
shown  between  the 
Ftr..  UBS  screen  box  and  the  bed- 

plate is  counterweigh  ted,  to  balance  Ihu  centrifugal  force  of 
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he  screen  box.  Above  this  wheel  is  a  crank  to  drive  the 
creen  box.  As  shown  in  the  figure,  the  screen  box  rests  on 
our  double  cones,  which  are  supported  by  the  box  bed-plate. 
The  cones  roll  freely  in  a  prescribed  path,  and  the  guiding 
if  the  cone  is  done  by  ball-and-socket  joints  at  the  two  points 
if  the  cone,  as  shown  in  the  two  lower  views,  or  by  one  of 
he  two  arrangements  shown  in  the  two  upper  figures. 

These  screens  run  from  140  to  145  gyrations  per  minute. 
Dhecoal  is  fed  at  the  top  of  the  screen  box ;  the  smaller  sizes 
Irop  through  the  openings,  allowing  the  larger  coals  to  come 
>ff  first. 

There  is  no  clogging  of  the  holes,  as  would  at  first  seem 
ikely.  The  circular  form  of  the  holes  and  the  tendency  of 
:he  pieces  of  coal  to  move  in  a  small  circle  cause  the  holes 
to  clear  themselves  without  difficulty. 


MACHINERY  FOR   BREAKING  THE  COAL. 

2S48.  For  breaking  up  the  coal  two  methods  are  used. 
The  one  already  referred  to,  and  known  at  the  mines  as 
'.hipping,  is  where  the  lumps  are  large  and  the  pieces  of 
slate  attached  to  them  are  of  such  a  character  as  to  render 
it  economical.  The  larger  lumps  are  broken  by  hand,  the 
men  using  picks  made  for  that  purpose;  but  by  far  the 
larger  portion  of  the  breaking  is  done  by  rolls. 

2S49>  The  rolls  used  in  breaking  coal  are  of  three 
kinds:  (1)  those  with  pointed  teeth;  (2)  those  with  the  con- 
tinuous teeth,  known  as  the  corruK^tt^d  rolls,  and  (:()  those 
known  as  the  saucer  rolls,  where  the  teeth  are  in  the  shape 
of  knife-blades. 

The  coal  is  generally  broken  by  two  or  three  sets  of  rolls, 
as  follows : 

1.  The  main  rolls  or  crushers,  often  called  the  lump-coal 
rolls. 

2.  The  prepared-coal  rolls,  often  called  the  monkey  or 
pony  rolls. 

3.  The  bony-coal  rolls,  used  to  break  up  the  bony  coal. 
Some  collieries,  however,  have  rolls  fur  breaking  lump  into 
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steamer,  another  for  breaking  steamer  into  l>rokcn,  amrtlef 
for  bri-akini£  broken  into  egg,  am>lhcr  for  breaking  egg  inw 
stove,  a  fifth  for  breaking  stove  into  chestnut,  and  a  sixth 
for  breaking  chestnut  inio  pea  coal. 

2H50.  In  the  above  operation  iili  sixes  are  made  Mv9 
the  sizo  which  in  being  bn^keii,  y«;t  the  most  ecinniiiical 
method  is  to  break  unysize  as  nearly  as  possible  intotliesiM 
immetlialely  below  it;  in  other  words,  it  is  more  eronomital 
to  break  lump  as  far  as  possible  into  steamer,  tbcn  hit-ak 
sleumcr  asfar  sk  possible  into  broken,  then  bri>kcn  into  tgj;, 
and  so  on,  each  time  lukinK  out  all  the  coal  below  the  sixcto 
be  broken  before  jiassing  that  size  lhroii(fh  the  rolls, 

28AI.  Thr  ni»ln  rullt»,  or  «ru»hm-«,  are  Kcnerallr 
located  underneath  the  main  platform.  All  the  coal  that  docs 
not  fall  through  thL-  main  bars  is  cither  made  into  lump  riial 
or  passed  through  the  main  rolls.  Here  it  is  crushed  anJ 
passes  out  into  the  steamboat  screen,  where  the  steamboat- 
coal  is  taken  out. 

Fig.  lO'^il  shows  the  plan  a  and  side  view  J  of  a  set  of  main 
rolls,  orcrushers,  with  pointed  teeth.     These  rolls  are  plain 
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cylinders,  made  either  of  cast  iron  or  steel  casting,  with 
hubs  bored  and  key-sealed  to  receive  the  shafts. 

Formerly  the  rolls  consisted,  as  Ibey  do  at  many  cnllierics 
yet,  of  four  cast-iron  spiders,  two  on  each  i>haft.     These 
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spiders  are  keyed  to  the  shaft  and  covered  with  from  three 
la  four  cast-iron  segments,  which  are  bolicrd  in  the  spiders, 
tach  segment  having  four  liolts.  two  at  each  end;  the  tcclh 
are  usually  the  pyramidal  form,  ca:jl  in  with  the  Hcgmrnt. 
The  great  trouble  with  thi«  kind  of  a  roll  is  that  when  one 
or  more  teeth  break  oif  from  a  segment,  it  is  necessary  to 
throw  the  whole  segment  away,  il  having  become  uwlt-ss. 
However,  these  segments  arc  an  improvement  on  the  old 
style  of  rolls  that  were  cast  solid. 

The  latest  improvement  in  rolls  is  where  the  teeth  arc 
made  of  steel  and  inserted  in  eithera  cast-imn  or  steel  cylin- 
der, as  shown  in  Fig  U»2fi.  The  cylinders  are  turned  in  a 
lathe  and  the  holes  are  then  drilled  and  reamed  to  reeeive 
the  steel  leeih.  These  tceih  are  made  so  that  they  can  bere- 
muved  from  the  cylinder  and  sharpened,  or  new  uiies  inserted. 

ZHSZ,  The  steel  roller  teeth  A  and  ff.  Fig.  10*47,  show 
Ihe  latest  types  used  for  anthracite -coal  rolls. 

The  type  A  is  known  as  the  pyrnmldal  to<>ili.  Teeth 
of  this  type  arc  made  in 
different  sizes  and  num- 
bered. When  the  pyra- 
midal pari  of  thetooth  ex- 
tends beyond  the  cylinder 
S  J  inches,  the  curved  part 
in  ij  inches  long,  and  H 
inches  wide  at  the  bot- 
tom. The  part  tt  <>f  this 
loolh  projects  beyond  the 
cylinder,  or  shell,  of  the 
rolls  and  aids  in  ihf  e.v- 
trartion  of  the  toolh  after 
it  has  become  worn. 

The  type  H  is  known 
:i»  the  litiwk  l>lll  tuotli. 
Instead  ol'  having  the 
front  edge  of  the  lonth 
bent  near  the  p>int.  it  is 
straight. 


Pio.  tan. 
This  type  of  tooth  is  four-sided,  having  the  back 
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of  the  tnoth  rtirved,  sn  that  The  points  nf  the  teeth  <itrilce 
the  lumps  and  draw  them  intn  the  roIlK,  Kplitling  them  at 
the  same  timi;.  These  teeth  are  also  made  in  different  sha 
and  numbered. 

Twu  (lat  places  ti  are  provided  on  this  tooth  to  take  bulil 
o£  when  it  becomes  nece!«sary  to  extract  it.  ^H 

2853.  The  bore  of  the  tnain  breaker  rolls  is  Rencralty 
8  inches,  and  llie  shafts  are  of  wrought  iron.  The  Uiamctct 
of  the  By -wheel  and  belt  pulley  and  length  of  driviiif; -shaft  are 
made  to  meet  the  requirements  of  the  driving  power,  as  tbe 
Sficed  at  the  points  of  the  roller  teeth  should  be  about  l.UOO 
feet  per  minute.  The  average  sizes  ni  these  rolls  are  (mm 
2  feet  0  inches  to  3  feet  0  inches  in  diameter,  and  from  3  to 
4  feet  Khik-  There  are  five  i>c<]cstats.  only  four,  however, 
being:  shown  in  Fif;.  102*!,  and  they  are  Rcnerally  lined  with 
babbitt  metal. 

The  pedestals  rest  on  cast  beds,  whieh  are  provided  with 
adjusting  keys,  so  that  the  rolls  can  be  set  farther  apart  or 
closer  together,  to  increase  or  decrease  the  quantity  of  the 
1arf(cr  sizes  of-coal.  The  teeth  of  the  spur-gears  fordrivinjt 
the  rolls  arc  usually  H^-inch  pilch  and  H-inch  face.  The 
holding-down  bolts  are  1  -i  inches  in  diameter,  and  of  a  length 
to  suit  the  timbers  for  which  they  are  used.  The  rolls,  as 
shown,  are  enclosed  by  a  cast-iron  easing  called  a  hopper. 
so  arranged  that  it  ran  be  very  readily  taken  apart. 

The  larger  sizes  of  coal  drop  through  llic  meshes  of  the 
steamboat  screens.  The  over-supply  of  steamboat -coal  f»r 
market  and  the  coal  that  comes  out  of  the  end  of  the  nnid 
screens  is  run  into  a  pair  of  rolls  known  as  the  prepared- 
coal  rolls,  or  monkey  rolls. 

2H54.  Pruparud-Goal  rnlln  differ  only  in  dimensions 
from  the  main  rolls.  The  usual  bore  of  the  prepared-coat 
rolls  is  ftjj  inches. 

The  diameter  of  the  fly-wheel  and  belt  pulley  and  the 
length  of  driving-shaft  arc  made  to  meet  the  rcquireniertis 
of  the  driving  pnwer,  as  the  speed  at  the  points  of  ih 
roller  teeth  should  be  about  1,000  ft.  per  minute. 
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The  teeth  of  the  spur-gearing  for  driving  these  rolls  are 
usually  3J-inch  pitch  and  7-inch  face. 

These  rolls  are  generally  19  inches  in  diameter  and  29 
inches  long. 

2855.  Bony-Coal  Rolls. — These  rolls  are  similar  in 
construction  to  the  main  and  prepared-coal  rolls,  although 
of  a  much  smaller  size  than  either,  and  are  used  to  break  up 
the  bony  coal  that  comes  from  the  pickings  of  broken,  egg, 
and  stove  coal.  They  are  run  at  a  much  higher  speed  than 
the  main  and  monkey  rolls,  the  speed  at  the  points  of  the 
roller  teeth  varying  from  1,:W0  to  1,800  feet  per  minute. 

2856.  Corrusated  Rolln. — Fig.  1038  shows  the  plan 
and  side  view  of  a  set  of  adjustable  corrugated  lump-coal 
and  steamboat  rolls. 

These  rolls  differ  from  those  already  described  in  the  form 
of  their  teeth  a,  which  are  continuous  from  one  end  to  the 
other.  There  are  no  points.  The  ends  of  the  teeth  are 
slightly  rounded,  artd  the  parts  doing  the  work  are  cast  in 
chills,  so  as  to  give  greater  endurance.  The  teeth  are  cast 
in  one  piece  with  the  body  b  and  hubs  c  of  the  roll.  The 
hubs  are  bored  and  key-seated  to  receive  the  shaft  (/.  There 
are  different  sizes  of  teeth,  according  to  the  size  of  the  cnal 
that  is  to  be  made,  and  also  according  to  whether  the  rolls 
are  fixed  or  adjustable. 

2857.  By  fixed  rolls  are  meant  those  that  are  ar- 
ranged to  break  the  sizes  successively.  In  such  a  case  it  is 
not  necessary  to  change  the  distance  between  the  centers 
of  the  shafts  of  the  rolls  after  the  proper  distance  for  most 
economical  breaking  has  once  been  determined. 

The  rolls  shown  in  Fig.  10^8  have  an  arrangement  for 
changing  the  distance  between  them  while  they  are  run- 
ning. When  this  change  is  great,  it  is  necessary  to  use 
gear-wheels  of  greater  or  smaller  diameter. 

From  the  side  view,  it  will  be  notir<'d  the  pedestals  r  are 
made  so  as  to  remain  stationary.  The  frames /carryinti  the 
bearings  for  the  right  roll  are  planed  and  rest  nw  cast  bedsi' 
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which  mntAJn  planed  grooves,  as  shown  in  the  sMtion  A  B. 
fnr  the  rorres|iondingly  i)Iane<l  surfaces  of  /  to  wnrk  in. 
Theframes/alsocarryOie  square  nuts  Ann  the  ilion  bcvd- 
wheel  shafts  /.     TUl-  LtfvcUgcarinK  on  these  shafts  gcire 
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with  that  of  _/■  so  that  by  inserting  a  bar  in  tlie  hole  /■  the 
right-hand  roll  can  be  moved  back  and  forth.  j| 

285A.     These  fiHiircs  also  show  a  safety  device  by  whicn 
hreakugc  of  cither  the  teeth,  rolls,  or  gcuring  is  prcvi 
wliun  the  rolls  draw  in  material  tuu  hard  to  cru»li. 
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The  part  supporting  the  bearings  rests  against  an  elliptical 
lell  of  cast  iron  /  inserted  in  the  rectangular  opening,  as 
town  in  the  figure.  This  elliptical  shell  is  made  thick 
lough  to  withstand  a  thrust  of  several  tons,  but  if  sub- 
cted  to  a  greater  pressure  it  breaks  and  allows  the  rolls  to 
ide  farther  apart,  thus  relieving  them  of  all  strain.  This 
ist-iron  shell  is  quickly  replaced  by  removing  the  cap  ?«, 
>vering  the  box  in  which  it  is  placed.  This  safety  device 
id  form  of  gearing,  by  which  the  distance  between  the  two 
>lls  can  be  varied  at  any  time,  is  also  used  on  rolls  with 
minted  teeth. 

The  lump-coal  rolls  are  usually  made  '2<)  inches  in  diarn* 
:er  from  tip  to  tip  of  teeth,  3  feet  long,  with  14  teeth.  The 
earing  for  these  is  the  same  as  that  used  fur  the  pointed- 
x>th  roll. 

2859.  Corruffated  Rolls  for  Broken  Coal. — The 

iameter  of  the  shaft  used  is  i|-  inches,  and  of  the  rolls 
6  inches;  the  length  of  the  rolls  is  3  feet,  and  the  number 
f  teeth  20.  These  rolls  are  usually  run  about  205  revoki- 
ions  per  minute.  The  result  sought  by  the  corrugated  rolls 
i  to  break  the  lump  into  two  pieces  of  nearly  the  same  size, 
nd  for  this  reason  this  type  of  roll  is  used  to  break  the  one 
ize  as  nearly  as  possible  into  the  next  size  below. 

2860.  Taper  rolls  are  a  modification  of  the  corrugated 
oils  just  described,  and  are  used  when  a  small  quantity  of 
.  number  of  different  sizes  is  to  be  broken  up  at  once.  At 
he  upper  or  larger  end  the  rolls  will  take  steamboat ;  a  little 
arther  from  the  end  they  will  take  broken;  a  little  farther, 
gg,  and  still  farther,  stove.  When  the  coal  to  be  broken 
ip  is  of  different  sizes  and  the  quantity  not  large,  these  rolls 
nay  be  economical. 

2861.  Saucer  RoIIm.— Fig.  1029  shows  the  plan  and 
ide  view  of  a  set  of  saucer  roils.  There  are  very  few  rolls  of 
his  type  in  use,  but  where  they  are  used  they  are  applied 
irincipally  to  break  up  the  bony  coal.     As  shown  in  the 
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As  the  coal  and  slate  pass  over  the  corrugated  plnti;  tbe 
slate  is  turned  up  on  its  edge,  is  fed  inlci  one  of  the  spcu 
between  the  bars,  and  meets  wilh  a  greater  resistance  w « 
moves  along  than  the  coal;  consequently,  the  coal  jumps 
farther  beyond  the  end  of  the  bars  than  the  slate  docs.    The 
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slide  <"  is  then  adjusted  to  cateh  the  coal  and  miss  the  slate 
which  ha^  nut  drojiped  throtigh  tlicspaccs  between  the  bars. 

2Hft4.  Fig.  lo;(I  shi'ws  a  st-ctioTial  sidr  elevation  .-I  antl 
a  top  view  £'  of  the  llKrrlnie  HC|Hiro(or«  whiih  i-unsi»tA 
essenlfally  of  the  feed  wheel  a,  the  adju&tnljlc  chute  fi,  and 
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te  adjustable  plate  c.  The  feed  wheel  <?  is  adjUBtablc  vcr- 
Cally,  thai  is,  it  can  hv  raisvd  ur  lowered,  and  is  driven  by 
belt  which  runs  on  the  pulley  (/.  Thu  adjiiytiible  t-hute  * 
hingtr)!  at  c.  ami  can  receive  different  degrees  of  inclination 
'  incan^  of  the  ^n\ /. 

As  shown  in  A.  the  chute  6  has  the  different  inclined 
IteSjf,  ft,  /,'aiidy.  The  plate  .^  is  set  upon  apitch*>f  8  inches 
the  foot :  the  plate  A  at  5*  inches;  lUe  plate  /  at  still  less, 
d  the  platey'iLt  3  inchciL     The  platu  e  is  so  arranged  that 
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can  be  mnvefl  back  and  forth  by  the  lever  k,  so  as  to 
ju»l  the  opening  fur  the  ^lalc  to  drop  into. 
The  mixture  of  coal  and  slate  coming  from  the  screen  is 
reived  upon  the  perforated  plate  !,  from  which  it  passes  to 
t  feed  wheel  a.  This  wheel  deliver*  tile  coal  and  slate 
irre^tar  quantities  to  the  inclined  chute  b,  dovrn  which 
slides  with  a  velocity  proportional  Xn  its  friclional  rcsist- 
cc,  the  slate  sliding  mnch  >lowcr  than  the  coai.  The 
&1  acquires  sufficient  velocity  to  jump  the  gap  between  the 

f.    in.— SO 
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plate_;'and  the  adjustable  plate  c,  while  the  slate  meets  with 
greater  resistance  and  moves  with  less  speed ;  coDsequently, 
the  slate  falls  short  of  the  plate  r,  and  drops  into  the  openiag 
which  leads  to  the  slate  hopper. 

2865.  Another  method  very  similar  to  the  one  just  de- 
scribed, and  which  has  been  previously  referred  to,  is  where 
the  coal  and  slate  are  allowed  to  slide  down  a  chute  in  which 
is  located  a  sandstone  slab  which  is  rougher  than  the  ordi- 
nary chute  plate.  There  is  a  gap  at  the  end  of  the  slab, 
over  which  the  coal  jumps  by  virtue  of  the  greater  velocity 
acquired  in  sliding  down  the  fhute,  while  the  slate,  moving 
at  a  much  less  velocity,  drops  into  the  opening. 

2866.  Coal  JIkh. — All  the  above  methods  of  separa- 
tion are  used  where  the  coal  is  comparatively  dry.  Where 
the  coal  is  wet  and  dirty  as  it  comes  from  the  mines,  what 
is  known  as  Jlsslns  it*  resorted  to. 

In  jigging,  the  result  is  twofold;  it  washes  the  coal  and 
separates  the  slate  from  the  coal. 

The .  separation  is  due  to  the  difference  in  the  specific 
gravities  of  the  coal  and  the  slate.  The  average  specific 
gravity  of  anthracite  coal  is  1.473,  while  the  average 
specific  gravity  of  slate  is  about  2.5. 

The  coal  and  slate  are  fed  into  water-tight  tanks.  Cer- 
tain laws  j^uvern  the  fall  of  bodies  in  water,  and  in  order  to 
apply  these  laws  an  arrangement  is  adopted  whereby  the 
particles  are  rL-peatedly  brought  into  suspension  and  allowed 
to  dro])  ;igain;  in  other  words,  a  series  of  blows  must  be  im- 
parted whose  magnitnde  must  diminish  with  the  size  of  the 
particles.  The  machine  used  for  this  purpose  is  known  as 
the  JlR. 

In  the  anthracite  region  two  types  of  coal  jigs  arc  in  use: 

I.  The  piston  jig,  with  fixed  perforated  plate  l>ottom. 

'I.   The  movable  i>an,  with  perforated  bottom. 

2Htt7.  To  secure  a  complete  separation  of  the  refuse  from 
the  coal  in  either  of  the  above  tyjx's  of  jig.s,  it  is  absolutely 
necessary  (1)  to  have  the  material  tn  be  jigged  of  uniform 
size  and  shape,  and  {^l)  to  feed  the  jig.s  slowly  and  regularly. 
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Before  being  jigged  the  coal  is  separated  into  the  various 
Commercial  sizes:  egg,  stove,  chestnut,  pea,  and  buckwheat. 
The  sizes  above  and  below  these  are  never  jigged. 

Screening  does  not  produce  a  uniform  size,  for  anthracite 
Coal  breaks  into  fragments  of  almost  every  conceivable  shape, 
and  in  any  standard  size  there  are  pieces  that  weigh  three 
or  four  times  as  much  as  the  smallest  pieces.  It  therefore 
follows  that  sizing  by  screening  does  not  altogether  satisfy 
the  first  requirement.  Again,  since  much  of  the  slate  occurs 
in  flat  pieces,  they  are  easily  buoyed  up  by  the  water  and 
pass  over  with  the  coal.  Jigging  coal  in  the  anthracite 
region  is  rarely  a  cheap  process.  At  a  large  number  of 
mines  the  coal  must  be  washed  and  jigged  with  mine  water 
that  is  strongly  acid ;  and  the  parts  of  the  machinery  exposed 
to  the  action  of  this  water  are  rapidly  corroded,  so  that 
repairs  are  constantly  needed.  The  cost  of  jigging  coal  is, 
therefore,  greatly  increased  by  the  necessity  of  using  mine 
water.  In  many  cases,  however,  the  washed  product  is 
more  readily  salable  than  the  unwashed. 

2868.  Fig.  1032  shows  a  side  view  A  and  plan  B  of  a 
piston  Jlc*  This  jig  is  a  modification  of  a  number  of  jigs  in 
use,  and  consistsof  a  water-tight  tank  divided  by  the  cast-iron 
partition  a  into  two  compartments  d  and  c  of  unequal  size. 
The  tank  is  lined  with  tongued  and  grooved  floor  boards 
and  the  compartments  li  and  c  with  iron  plates.  The  bot- 
tom of  the  larger  compartment  6  is  slightly  incHned  towards 
or  away  from  the  slate-discharge  gate,  usually  J  of  an  inch 
to  the  foot,  and  covered  with  a  perforated  plate  </,  supported 
by  the  bar  e  in  the  center,  and  by  supports  bolted  to  thi: 
side.  The  size  of  the  openings  in  the  plate  depends  upon 
the  size  of  the  coal  to  be  jigged;  usually  the  openings  are 
circular,  although  for  the  larger  sizes  oblong  openings  are 
sometimes  used,  having  the  longest  dimension  of  the  open- 
ing in  the  direction  in  which  the  coal  moves. 

The  coal  is  fed  upon  the  perforated  plate  lY  at/",  the  in- 
ward flow  being  regulated  by  the  adjustable  plate  ^,  which 
is  put  with  its  lower  end  as  near  the  bottom  of  the  jig  as  is 
consistent  with  a  free  discharge  of  the  coal  to  be  jigged.  , 
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The  smaller  compartment  c,  which  is  less  than  half  the  size 
of  the  first,  communicates  with  it  across  its  whole  width  at 
the  bottom,  and  serves  as  a  working  barrel  for  a  floating 
piston  A.  To  guide  the  water  from  the  piston  to  the  jig,  a 
semicircular  row  of  planks  is  put  in.  These  need  not  be 
absolutely  water-tight,  as  they  are  intended  simply  to  direct 
the  current. 

The  piston  /i  consists  of  a  double  row  of  planks  placed  as 
shown  in  the  side  view  A,  which  are  either  nailed  or  bolted 
to  the  parts  /  andy.  The  lower  part  l'  of  the  piston-rod  is 
made  of  cast  iron  and  bolted  to  /i,  and  is  connected  to  the 
upper  part  /  by  means  of  a  3'  x  4'  oak  piece  «/. 

The  piston  receives  its  motion  from  cams  keyed  to  the 
revolving  shaft  «,  which  is  geared  to  the  driving-shaft  o  by 
means  of  the  elliptical  gear/. 

The  object  of  this  gear  is  to  force  the  piston  rapidly  down, 
thereby  lifting  the  coal  quickly  and  allowing  it  to  settle 
slowly,  for  the  upward  motion  of  the  piston  is  at  a  much  less 
speed  than  the  downward.  In  using  a  single  pair  of  ellipti- 
cal gears  for  a  quick  return,  it  is  well  not  to  have  the  ratio  of 
the  forward  motion  to  the  return  greater  than  1  :  3. 

The  coal,  in  rising  on  the  downward  motion  of  the  piston, 
is  skimmed  off  by  a  scries  of  flat  strips  of  iron  carried  on  two 
rows  of  Ewart  link-belt  chain  running  over  ^. 

As  the  coal  is  scraped  up  tlie  incline  r,  the  water  drains 
back.  The  top  s  of  the  inclined  plane  r,  which  inclines 
slightly  towards  the  jig,  is  flat  and  covered  with  iron.  The 
coal  here  forms  a  pile,  and  the  water  drains  from  it  back  to  the 
jig.  As  each  successive  quantity  of  coal  is  brought  by  the 
flights  on  the  chain,  it  pushes  a  corresponding  quantity, 
which  has  been  drained,  off  the  other  side  o  down  the  chute, 
where  it  goes  either  to  the  picking  chute  to  be  picked  or 
directly  to  the  pocket,  if  it  is  (as  in  the  case  of  small  sizes) 
already  clean  enough.  The  slate,  being  heavier  than  the  coal, 
falls  to  the  bottom  and  is  discharged  through  the  opening  /, 
This  opening  is  regulated  by  elevating  or  depressing  the 
plate  H,  which  is  so  arranged  as  to  allow  the  largest  pieces 
of  slate   to  pass  under  it.     The  gate  v  generally  remain:* 
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open,  but  can  be  closed  by  the  lever  attached  to  the  bell- 
crank  -w.  Outside  of  this  is  a  cast-iron  flat  pipe,  or  slate 
hopper,  X,  which  is  closed  by  the  wedge-shaped  slide  y,  upon 
the  upper  surface  of  which  is  a  piece  of  oak  s.  The  slide  ^y 
moves  in  a  casting  a\  which  has  a  tapered  groove  on  each 
side.  When  the  slide  y  is  pushed  through  the  opening  in  a\ 
the  wedging  action  of  the  taper  grooves  forces  the  wood 
against  the  face  of  a'.  This  makes  an  excellent  gate  for 
closing  the  hopper,  allowing  neither  water  nor  slate  to  escape. 

The  gate  v  is  closed  by  forcing  it  up  in  the  frame.  This 
cuts  off  both  the  water  and  slate  from  the  hopper  x.  When 
this  has  been  done  y  is  drawn  out,  the  water  and  slate  drop 
out,  and  whatever  coal  may  have  come  with  the  slate  is 
'picked  out.  The  slate  is  then  run  either  directly  to  the  slate 
hopper  by  means  of  a  chute,  or  conveyed  away  by  an  elevator 
or  system  of  drags. 

At  b'  there  is  an  arrangement  known  as  the  sluMb  box, 
which  lets  out  the  slime  and  line  coal  which  accumulate  in 
the  bottom  of  the  jig.  This  is  arranged  so  as  not  to  let  out 
too  much  water  at  one  time.  The  gates  c'  and  d'  are  similar 
to  the  gate ^y  on  the  slate  hopper  4-,  so  that  by  keepiiig  c' 
closed  and  opening  (/'  a  certain  quantity  of  the  deposit  moves 
down  upon  c' ;  d'  is  then  closed  and  c'  opened,  which  allows 
this  certain  quantity  to  escape. 

The  jig  pulleys  c'  andy''  are  driven  by  pulleys  from  a  line 
shaft  in  the  breaker,  and  are  of  such  dimensions  as  to  give 
the  proper  speed  to  the  piston  and  the  line  of  scrapers. 

2869.  Fig.  1(133  shows  the  plan  ./,  the  side  view  B,  and 
the  end  view  C  of  a  jig  with  a  movable  pan  having  a 
perforated  bottom.  The  action  of  this  jig  is  the  same 
as  the  one  already  described,  for  inevery  case  the  object  de- 
sired is  to  produce  an  upward  current.  The  whole  pan  in 
this  case  acts  as  a  piston. 

Prom  A,B,  and  C,  it  will  be  noticed  that  this  jig  is  a  water- 
tight tank.  This  tank  occupies  a  space  8  feet  x  8  feet  x 
8  feet,  equal  to  an  8-foot  rube,  and  is  made  of  2i-inch  white- 
pine  plank,  with  braces  5  inches  X  6  inches,  standards  8 
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inchesx!4mclies,  sills  (I  inches  x  8  inches,  tnp  caps  S  inches  x 
It  inches,  atl  of  white  pine,  making  ic  amply  strong  and 
durable.  Within  tim  unk  is  ihc  jig  pan  A.  This  pan,  as 
shown,  h  made  almost  in  the  form  of  a  complete  circle, 
eicept  at  ^,  where  the  coai  passes  through  the  opening  in 
the  front  of  the  pan  down  into  tlie  coal  elevator  if.  From 
the  side  view  fl,  it  will  be  noticed  that  the  jig  pan  ^  is  made 
so  as  to  he  slightly  inclined  towards  the  coal  elevator  (/, 
This  allows  the  slate  that  accumulates  in  the  bottom  of  th( 
pan  to  move  towards  the  discharge  gate  c,  and  the  coal  1( 
overflow  at  «•. 

The  pan  in  maniy  cases  is  cast  in  one  piece,  but  where 
mine  water  is  used  in  the  jig  lank  it  docs  not  take  long  for -, 
the  rirnilar  holes  to  become  so  enlarged  as  to  make  the  eit^ 
tire  pan  worthless.     To  overcome  this,  the  bottom  is  made 
of  a  number  of  plates  whioh  arc  boltctl  to  rilw  that  radiaic 
from  the  center.     These  plates,  after  they  arc  worn  out,  can 
be  very  readily  replaced  by  r.ew  ones.     From  ^i  and  T*',  it  UH 
seen  that  the  pan  I  is  made  np  of  two  parts.  ^B 

The  sides  of  the  pan  proper  are  cast  in  one  piece  with  the 
bottom,  having  the  slate  pocket,  with  gale  r,  bolted  In  ttie 
bottom;  the  height  of  the  sides  is  shown  by  the  dotted  line 
in  view  Ji.  The  pan  proper  i.i  surrounded  by  a  heavy  piece 
of  sheet  iron  /.  which  is  bolted  to  the  pan  as  shown  in  .-I; 
this  is  used  to  prevent  the  coal  from  escaping  over  the  riiq^ 
of  the  ]t3n.  ^M 

To  kKfjj  the  pan  in  position  In.  its  up-and-down  motion, 
the  shoes  J,  which  move  up  and  down  uu  the  guides  tf,  arc^ 
bolted  to  the  pan  on  each  side.  ^M 

The  pan.  or  piston,  d  is  suspended  in  the  tank  from  the 
line  shaft  //  of  the  small  engine  /  aij.  This  engine,  which 
is  vertical,  has  n  6.inch  cylinder  and  8-inch  stroke.  The 
idea  of  using  a  separate  engine  fora  jig  is  to  give  the  perwin 
who  is  operating  the  jig  complete  control  over  it  in  its  sep- 
aration of  slate  from  the  coal,  no  matter  how  fast  or  bo^^| 
filowthc  coal  is  piissing  through  the  breaker.  If  the  breaker 
is  pressed  with  a  large  quantity  of  coal,  the  speed  of  the 
machinery  is  naturally  slackened,  and  a  jig  running  with 
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belting  and  gearing  has  its  speed  also  slackened  just  at  a 
time  when  the  jig  should  be  run  fast,  to  secure  perfect  sepa- 
ration and  do  its  work  properly. 

As  shown  atj,  the  engine  shaft  is  made  so  as  to  act  as  an 
sccentric.  The  side  view  B  shows  how  the  pole  k  of  the  pan 
Is  coupled  to  the  shaft  //  of  the  engine  ('.  The  connecting- 
rod  /,  which  is  bolted  to  the  engine  shaft,  is  joined  to  the 
[>ol3  k  of  the  pan  by  the  pin  m,  thus  furnishing  a  hinge 
joint.  In  the  center,of  the  pan  there  is  a  tapering  hole, 
into  which  the  pole  k  is  inserted  and  keyed,  as  shown  at  «. 
To  the  bottom  of  the  pan  the  slate  pocket  is  bolted, 
having  the  slate  discharge  gate  e  operated  by  the  bell- 
crank  I'.  The  part  w  supporting  the  bell-crank  v  is  bolted 
to  the  pan  b.  The  lever  x,  in  connection  with  y,  operates 
the  crank  v.  To  the  shaft  h  is  keyed  the  gear-wheel  h, 
which  gears  with  the  wheel  o,  keyed  to  the  shaft/.  To 
the  shaft  p  is  keyed  the  worm-gear  q,  which  in  turn  gears 
with  the  wheel  r  keyed  to  the  shaft  s.  To  this  shaft  s  are 
keyed  the  sprocket-wheels  for  the  coal  elevator  ci  and  the 
slate  elevator  t. 

In  many  cases  friction-gearing  is  used  instead  of  toothed 
gearing. 

The  bottom  of  the  tank  is  built  as  shown  in  the  side  view  B 
and  the  end  view  C;  the  bottom  is  inclined  so  that  the  waste 
coming  from  the  coal  will  slide  down  to  the  slate  elevator  /. 
The  arrangement  shown  at^  is  used  for  discharging  the  tank. 

The  operation  of  the  jig  may  be  explained  thus:  The  coal 
and  slate  to  be  separated  are  delivered  in  the  perforated 
pan  b,  which  moves  up  and  down  in  the  tank  filled  with 
water  at  the  rate  of  180  times  a  minute. 

By  this  movement  the  water  coming  through  the  holes  in 
the  pan  creates  an  upward  current,  and  causes  the  coal  to  rise 
and  gradually  travel  towards  e,  where  it  passes  through  the 
opening  in  front  of  the  pan  down  into  the  coal  elevator  d, 
by  which  it  is  elevated  to  a  chute  leading  to  the  coal  pocket 
or  to  the  place  where  it  is  to  be  picked. 

The  slate  being  much  heavier  than  the  coal  sinks  to  the 
bottom  of  the  pan,  and  gradually  works  its  way  to  the  front 
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of  the  pan  inir>  the  slate  p^n-kct.  and  is  disrhargcH  into  the" 
slate  rltvatur  t  through  the  gat<:  f. 
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ist  described,  is  rectangular.  This  type  of  jig  is  known  as 
le  Cbrlat  patent  coal  Jig.  The  figure  shows  a  plan  A 
nd  a  side  view  B.  This  jig  has  been  introduced  into  the 
nthracite  coal  region  since  the  beginning  of  the  year  1805, 
nd  at  the  present  time  over  fifty  of  them  are  in  operation. 
'he  machine  is  enclosed  in  a  water-tight  tank  11  feet  long, 

feet  4  inches  wide,  and  6  feet  9  inches  high.  The  lining  a 
f  the  tank  consists  of  white-pine  plank  well  corked,  so  as  to 
revent  leakage.  Inside  of  this  lining  is  another  lining  d  of 
ongued  and  grooved  pine  floor  boards.  The  tank  has  an 
iclined  floor  c  leading  to  the  front  and  from  both  sides  into 

cast-iron  boot  </,  placed  at  the  bottom  and  to  the  front  of 
he  wooden  tank. 

287 1 .     The  principal  mechanism  of  the  machine  consists 
>f  a  cast-iron  jig  box  I),  a  longitudinal  section  of  which  is 


ihown  in  Fig.  10;J5,  which  is  placed  insideof  the  wooden  tank, 
fo  that  the  rear  end  is  at  a  slight  distance  from  the  inner 
iurface  of  the  tank,  and  the  top  is  about  13  inches  from  the 
-op  of  the  tank  timbers.  The  jig  box  is  provided  on  each 
iide  with  two  guides  i'  (four  in  all),  which  are  secured  to  the 
>ox  by  means  of  bolts  on  the  extension  plates  /  in  such  a 
»ay  as  to  incline  the  box  towards  the  front  end  of  the  tank. 
Corresponding  with  these  guides  are  similar  ones  ^  which 
■est  on  plates,  and  which  are  in  turn  fastened  to  the  timbers 
>f  the  tank  so  as  to  make  the  guides  £■  stationary,  while  the 
^ides  e  are  adjusted  to  move  up  and  down  by  means  of 
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eccentrics  k  on  the  m.'iiii  shaft  /.  The  shaft  /  is  connected 
with  an  engine  _/',  of  about  13  liorsepower,  titled  with  a 
governor  and  with  the  necessary  oil-cups. 

To  the  front  and  at  the  bottom  of  the  box  Z>  is  a  pivoted 
adjustable  gate  E,  which  is  raised  or  lowered  by  means  of  a 
hooked  screw  k.  The  front  wall  /  of  the  box,  Fig.  1035, 
does  not  extend  up  as  high  as  the  sides,  but  forms  an  open- 
ing, at  the  sides  of  which  is  pivoted  a  discharge  chute  /" 
having  a  perforated  bottom. 

The  main  bottom  of  the  box,  which  does  not  extend  quite 
to  the  front,  is  likewise  perforated,  as  is  also  the  bottom  of 
the  pivoted  gate  H.  On  the  inside  of  the  front  wall  /  of  the 
box,  between  the  front  wall  and  ribs  cast  on  the  side  walls, 
is  a  secondary  plate  »«,  which  is  vertically  adjusted  by  means 
of  the  screws  «,  riveted  to  the  plate.  The  screws  «  and  k 
are  regulated  by  means  of  the  shafts  o  and  p,  on  which  are 
fitted  worms  gearing  with  worm-wheels  on  the  screws  «  and 
k,  which  are  fitted  to  arms  q  and  r.  At  the  rear  end  of  the 
jig  box  is  a  cast-iron  division-plate  s  riveted  to  the  side  walls 
of  the  box.  This  plate  does  not  extend  quite  to  the  bottom, 
but  acts  as  a  partition  between  the  two  main  chambers  G 
and  //.  Above  the  box  proper  and  riveted  to  its  sides  is  a 
receivinfi;  hopper  /. 

A  liLile  to  the  rrar  nf  the  renter  of  the  box  on  both  sides 
are  sockels,  into  whifh  extend  the  eccentric  arms  /,  the  tops 
of  H-hir(i  are  supported  by  the  eccentrics  //  fitted  to  the  main 
s]i;ift  /,  tlic  Imtlnms  being  supjKirted  by  the  pins  u  passing 
thr<Jiif;;h  the  sockets. 

2872.     The     Operation     of     the     Machine.— The 

wooden  tank  is  filled  with  water  to  a  depth  n<)t  quite  sufh- 
cient  to  cover  tlie  jijj  box  entirely  when  at  its  highest  posi- 
tion, but  eomjileU'ly  submerLjint^  it  when  at  its  lowest  point. 
The  engine  wliirh  revolves  thi^  shaft  ;'  is  put  in  motion, 
and  this  in  turn  o|)erates  the  eccentrics  h  fastened  to  thr 
eccentric  arms  (.  The  eccentric  arms  give  the  box  a  reciji- 
rocatinjj  motion,  whieh  agitates  llie  body  of  water  in  tin: 
tank.      As  the  box  reciprocates,  it  causes  the  guides  f  which 
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Bre  fastened  to  it  to  move  up  and  down  on  their  ways  g. 
The  coal  and  slate  or  other  material  to  be  jigged  is  brought 
by  some  convenient  means  to  the  hopper  /,  and  passes  down 
through  the  receiving  chamber  G  to  the  bottom  of  the  box. 
The  plate  J  prevents  the  entering  material  from  spreading 
over  the  entire  surface  of  the  box,  as  it  would  otherwise 
do;  it  tends  to  keep  the  material  confined  in  a  small  space. 
As  a  consequence  of  this  the  coal  and  slate  separate,  the 
heavier  slate  falling  to  the  bottom.  All  the  material  then 
passes  through  under  the  plate  s  into  the  second  or  jigging 
chamber  H. 

In  this  chamber  the  material  forms  itself  into  two  distinct 
layers  by  virtue  of  the  difference  of  their  specific  gravities, 
the  heavier  material  or  slate  passing  to  or  remaining  at  the 
bottom  and  the  lighter  material  or  coal  passing  to  the  top. 
The  slate  at  the  bottom  forms  a  layer,  the  overlapping  pieces 
and  the  perforations  of  the  bottom  plate  being  to  the  jig 
what  the  valves  are  to  a  pump;  that  is,  when  the  box  de- 
scends these  laps  open  slightly,  permitting  the  water  to  pass 
through  and  leave  the  lighter  material,  and  when  the  box 
rises,  the  water  is  partially  prevented  from  passing  down 
through  the  material.  The  material  having  formed  into 
layers,  the  next  important  matter  is  the  limitation  and 
drawing  off  of  these  layers.  The  two  layers  pass  to  the 
front,  where  the  heavier  material  falls  through  the  opening 
of  the  bottom  jig  box  into  the  pivoted  discharging  recep- 
tacle E.  This  gate,  or  receptacle,  being  adjusted  by  the  rods 
k,  can  be  regulated  by  the  shaft  /  while  the  machine  is  in 
motion,  so  that  the  adjustment  can  be  of  the  greatest  deli- 
cacy. The  secondary  plate  m  on  the  inner  wall  of  the  box 
is  adjusted  in  the  same  way,  and  is  used  to  increase  or 
diminish  the  size  of  the  opening  through  which  the  slate 
passes  from  the  jigging  receptacle  to  the  slate  discharge 
gate.  The  plate  is  useful  for  accommodating  the  different 
sizes  of  material  (that  is,  one  size  at  a  time;  for  instance,  if 
the  jig  is  working  on  stove  coal,  it  can  be  adjusted  to  take 
chestnut  coal  or  pea  coal,  but  not  at  the  same  time  that  it  is 
taking  stove  coal)  and  also  for  assisting  the  gate  E. 
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Ii  will  be  noticed  that  this  gate  E  can  be  raised  lo  sue 
an  cxlutil  thai  there  will  not  be  any  material  whatever  jk 
ing  over  it;  or  it  ran  be  lowered  to  such  an  extent  that: 
the  material   jjassin^  to  the  front  of  the   jig  will  csca 
thnMi}:h  it;  or  it  can  be  placed  at  any  intermediate  \miA^ 
»>  that  whatever  the  material  to  be  jiKiC^^  ^^^  height  uf  the 
from  of  this  gate  determines  the  weight  of  the  reftiKc  thalj 
it  will  take  out. 

If  it  is  high  it  will  take  *iiit  only  the  very  heavy  materia 
and  if  l<iwer  it  will  take;  init  lighter  material.  The  object  I 
to  have  the  front  of  the  gate  at  just  such  a  poini  that  the 
slate  or  heavy  material  will  pass  over  it  and  the  light  mi- 
tcrial  or  coal  remain  ia  the  receptacle  //,  until  it  risci>  bigh 
enough  to  pass  uvor  the  shortened  front  wall  of  the  boiawl 
into  the  pivoted  chute  /'"■. 


2873-  All  essential  point  in  jigging  is  that  there  should 
be  a  continuous  slate  layer  at  thcbolK^im,  and  that  this  should 
nut  be  vu.ricd  much.  It  will  be  noticed  that  this  is  accom- 
plished by  having  the  front  of  the  slate  gate  always  ahove 
the  bottom  of  the  jig  box,  thus  insuring  a  constant  layi'J" 
The  Lop  of  the  slate  gate  determines  or  rather  marks  the  Unc 
of  separation,  nr  that  line  where  the  slate  layer  and  the  co»l 
layer  meet.  The  coal,  after  passing  into  and  over  the  chiiw 
/-",  is  taken  into  a  second  chiilc  at  its  front,  which  leads  in'." 
an  elevator  boot  v  at  tht  front  and  about  half-way  from  tdf 
top  of  the  tank.  The  coal  elevator  J  takes  the  coal  (runi 
this  boot  and  conveys  it  into  a  chute  which  leads  to  the  stor- 
age pocket.  The  slate,  after  leaving  the  slate  gale,  falls  onio 
the  inclined  floor  of  the  tank,  and.  together  with  snmc  roal 
dirt  that  passes  through  the  perforations,  i»  taken  into  the 
elevator  K  to  the  front  and  at  the  bottom  <>f  the  tank.  Tlic 
elevator  A"  takes  it  from  here  to  the  refuse  chute.  The  ele*  , 
vators  J  and  A'  are  operated  by  means  of  the  two  sprocket- 
wheels  w  and  x,  one  on  the  main  shaft  i  and  the  other  on 
the  elevator  shaft.  ^H 

It  is  necessary  to  shish  the  lank  several  times  durinj^V 
day,  in  order  to  take  the  dirty  water  off  and  to  loosen  the 
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dirt  that  might  accumulate  on  the  floor  of  the  tank.  For 
this  purpose  a  slush  gate  is  provided  on  the  bottom  of  the 
slate-elevator  boot  d. 
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2S74.  Where  coal  jigs  are  used,  more  especially  in  jig- 
giag  chestnut  coal,  very  light  slate  is  buoyed  up  by  the 
water  and  carried  out  with  the 
coal.  This  slate  is  removed  by 
the  slate  picker  show n  i n  Fig. 
1036,  which  is  placed  in  the  chute 
leading  from  the  coal  elevator. 

Where  stove  and  egg  coal  are 
jigged,  the  coal  after  leaving  the  jig 
is  hand  picked  by  men  and  boys. 

The  slate  picker  shown  in  Fig. 
1030  is  made  of  iron  cast  in  one 
piece,  and  consists  essentially  of  a 
series  of  V-troughs,  one  side  a  of 
the  V  being  shorter  and  at  right  fk'-  '«»- 

angles  to  the  other  side  b.  The  lower  half  of  the  casting 
has  a  taper  slit  c  in  the  short  side.  The  slit  is  so  arranged 
that  anything  lying  on  the  long  side  of  the  trough  and  of 
not  too  great  height  can  shde  out  through  it.  Any  lump 
which  is  thicker  than  the  height  of  the  slit  will,  of  course, 
be  retained  in  the  trough.  The  slits  widen  as  they  approach 
the  lower  end,  and  the  part  of  the  casting  below  the  cross- 
bar d  hangs  freely,  so  that  there  Is  nothing  to  stop  a  lump 
from  sliding  through  the  slit.  As  tlie  coal  and  slate  come 
down  the  chute,  each  lump  places  itself  in  one  or  the  other 
of  the  grooves  or  troughs,  which  are  made  a  little  wider 
than  the  largest  lump  of  the  size  for  which  the  slate  picker 
is  to  be  employed.  As  the  lumps  slide  down,  all  the  flat 
pieces  tend  to  pass  out  tlinjugh  the  slit  on  the  side,  while 
cubical  lumps  go  over.  Should  a  piece  catch  iu  the  slit  in 
consequence  of  the  increase  in  height  towards  the  end,  some 
of  the  pieces  which  follow  will  generally  knock  it  loose,  so 
that  it  does  not  remain  ami  block  the  slits. 

The  size  and  taper  of  the  slit,  the  pitch  of  the  picker,  the 
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width  uf  the  lruu};hs,  and  the  length  of  the  upper  andlnv 
portion  of  the  castini;^  vary  with  the  size  of  (he  rnal  and 
llic  nature  uf  the  slate.  This  class  of  slate  picker  15  somr- 
times  used  for  th«  larucr  coal,  such  as  broken  and  egg.  Il 
is  Ai?o  used  where  there  ii  a  g^rcat  amount  of  flat  coal, 
which,  while  unsightly  and  unmarhetabic  in  its  flat  shnjv^ 
is  nevenheless  pure  coal.  In  ihts  case  ilie  Hal  slate  andcful 
coniing  from  this  pitkifr  is  riin  to  a  separate  set  of  rolls  ace! 
broken  into  smaller  sizes. 


«A1:HI.'<(I!WV  FOHeONVKVINi;  THliCt)AI.IK  TMK  HUKAUEB. 

2875.  This  is  a  class  of  machinery  that  is  generally  used 
for  chanRlni?  ihe  position  of  the  coal,  although,  as  wat 
shown  in  Fig.  W'ii,  a  part  of  il  is  also  used  in  the  prepara- 
tion of  the  coal.  It  comprises  chutes,  elevators,  drags,  or 
conveyors,  and  loading  lips. 

2870.  The  vliutvuarc  used  for  conveying  the  coaUatf 
slate  from  one  part  of  the  brcalcer  to  the  other,  and  are  in- 
clined downwards,  u[»wards,  or  are  horizontal.  Those  that 
are  inclined  downwards  convey  the  coal  from  a  higher  to  a 
lower  level,  the  coal  and  slate  sliding  down  by  gravity.  As 
a  rule,  the  cross-section  of  this  class  of  chutes  is  in  the  form 
of  a  rectangular  trough,  the  depth  and  width  dcpendinf; 
upon  the  size  of  the  coal  or  slate  and  the  amount  that  is  to 
be  carried  down  the  chute.  The  pitch  depends  upon  the 
size  and  quality  of  the  materi:il. 

Fig.  1037  shows  the  cross-section  of  a  chute  as  ordinarily 
constructed.  The  bottom  consists  oE  a  row  of  planks  a 
jfl.  spiked  to  the  support  i.  The  sides  c 
itw'^J!"!!  are  spiked  to  the  bottona  plank  a,  and 
■are  covered,  as  a  rule,  with  either  cast 
Pio.  losr.  plate  or  sheet  iron  tf.     The  side  iron 

(/is  put  on  before  the  bottom  iron  r,  so  that  the  bottom  iron 
will  fit  between  the  side  Irons,  for  it  is  necessary  to  change 
f  oftcncr  ihan  </. 

The  thicluiess  o£  the  iron  depends  upon  the  work  to 
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performed;  the  larger  the  coal  the  heavier  the  iron,  and  the 
smaller  the  coal  the  lighter  the  iron  and  the  greater  the 
pitch  of  the  chute. 

2877.  The  following  table  contains  the  pitches  per  foot 
of  the  chutes  ordinarily  used  in  the  breaker,  down  which 
different  sizes  of  coal  will  slide. 

TABLE    50. 


Size  of  Coal. 


Rice 

Buckwheat 

Pea 

Chestnut... 

Stove  

Egg 

Broken . . , 
Steamboat 
Lump 


Pitch  in  Inches  per  Foot 


Dry  Coal. 


9 

7 

H 

5 

i 

(shelly  coal,  4i) 
i 
4 
4 


Wet  Coal. 


n 

4 

H 
H 


From  the  above  table  it  will  be  noticed  that  the  inclina- 
tion for  rice  coal,  when  it  is  prepared  wet,  is  very  slight. 
Where  it  is  prepared  wet  the  chute  is  generally  lined  with 
terra-cotta  pipe  (cut  in  half),  and  a  considerable  quantity  of 
water  allowed  to  run  down  the  chute,  so  as  to  carry  the  coal 
to  the  pocket. 

2878.  Some  chutes,  instead  of  having  a  rectangular 
cross-section,  are  half-round  troughs;  and  where  an  abrupt 
change  in  the  direction  of  the  chute  becomes  necessary,  cast- 
iron  turns  are  often  used,  which  are  spiral,  half-round  troughs 
of  greater  or  less  length. 
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Fig.  10:18  shows  a  cro&s -section   that  is  frcqin--iitiy  u*. 
vrhen  the  chutes  arc  inclined  upwards  tir  are  horizontal,     ll  i^ 

a  cast-iron  trough  naili 
or  secured    to    the  sidc^ 
su|)ports,    which    arc  c<t 
wood,  and  is  used  for  a 
system   of    drags    whrre 
*'"'  "^*^  the  cual  or  slate  is  !->  l-s 

elevated  frtim  a  lower  to  a  higher  Icx'cl,  or  conveyed  from 
one  point  to  another  od  the  same  level.  ■ 


2879.  EI«vntor«». — Elevatorsarc  used  (or  raiding  coal 
or  refuse  in  the  l)reak(-T.  The  kind  shown  in  Fig.  !u;H(,  known 
as  the  llnk-and-bur  clcviitor,  is  used  where  the  coal  ibti) 
be  elevated  to  a  coiisideraljle  height. 

In  the  Gjiiire  A  sliows  the  side  elevation  and  />'  the  em! 
view.  The  elevator  consists  essentially  of  the  buekct  a,  the 
link  ^,  the  bar^,  and  the  wed^e  </,  the  dct»ilii  of  which  art 
shown  in  C  The  bucket  a  is  made  in  two  [tarts,  the  front  _/ 
and  the  baek  part^  heing  riveted  together  at  the  sides. 
The  front  ^'contains  a  double  set  of  holes,  which  are  used 
for  Lhe  inside  links  A  and  the  outside  links  A;  us  shown  in  Ji. 
These  buckets  are  usually  made  of  sheet  iron  in  different 
sixes,  14  inches  x  Ifi  inches  being  a  very  common  tiizc. 

The  link  d  is  made  of  strap  iron,  bent  lo  the  proper  shape 
and  welded  together,  after  which  the  two  bolt-holen  are 
dr[ll(>rl  For  a  14-inch  X  18-inch  etevator>bueket,  the  links 
arc  maite  of  S-inch  X  f-incli  iron. 

The  bare  is  made  of  wrought  iron  and  has  the  two  col- 
lars /  and  ;«  welded  on,  sous  to  kecpthe  links  A  in  the  proper 
position.  The  bars  are  made  to  extend  from  3  to  'S^  inches 
over  the  outside  of  the  buckets,  and  jire  run  tn  wooden 
guides,  not  shown  in  the  drawing.  For  a  14-inch  by  lt(-tnch 
elevator-bucket,  the  bar  b*  of  Ij-inch  iron. 

The  wedge  (I'issingle. tapered  and  made  oEoak.  having  two 
holes  bored  in  it  to  permit  the  holts  which  fasten  the  buckets 
to  pass  through  it.  The  wedges  are  used  to  make  the  buckets 
stand  out  from  each  other;  for  if  the  bueketfi  were  bolted 
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directly  to  the  link  it  would  be  impossible  for  them  to  pass 
Over  the  top  and  under  the  bottom  wheels,  on  account  o£ 
the  parts  not  being  flexible  enough. 

The  wheels  n  and  cat  the  top  and  bottom,  over  and  under 
which  the  buckets  travel,  are  known  as  the  spiders.  They 
are  made  of  cast  iron,  bored  and  key-seated,  so  that  they 


"^^=3=^ 


,  ,j.  Fig.  law, 

'^  B 

can  be  keyed  to  the  shafts  /  audi/.      The  shaft/  must  be  of 

much  greater  dimensions  than  the  shaft  q,  fur  it  carries  the 

load,  while  the  shaft   g  merely  keeps  the  spiders  that    it   is 

keyed  to  in  place. 

The  bottom  stands  r  have  sliding  boxes  5,  and  by  means  of 

the  set  screws  /  the  whttl  o  can  be  raised  or  lowered,  thus 
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takint;;  up  the  sLick  tint  may  be  found  to  exist.     Tlie  spur- 
whtful  u,  as   generally  used,  \&  very  large  and  the  pinion; 
small,  for  Ihis  class  of  elevator  is  never  run  rapidly.     Asj 
rule,  for  this  cla-ss  nf  elevators  (with    14-tnch   by  IS-idcIi^ 
buckctii  anil  upwards)  a  spur-wlicci  with  4-inch  face  is  ose^ 

where  the  shafts  are  3S  feet 
apart  and  less;  if  over  35  feet  a 
5-iiirh  face  is  used. 

2HSO.  In  many  places  the 
same  style  of  bucket  is  in  use  as 
shown  in  Fig.  lOUft.  bolted  loa 
heavy  rubber  belt,  running  ver- 
tically or  inclined.  There  ar« 
other  styles  of  elex'ators  tisnl 
where  the  height  is  not  sogrcAl 
as  it  is  in  cascfs  where  the  link- 
aiid-bar  elevator  is  used. 

""■'»«'  2881.     Fig.    IWO    shows 

tnictlon-whvcl  ulcvtitor,  with  detachable  link  belting 
and  liisi-inm  Imxcs. 

Pig.  11)41  shows  another 
type  of  elevator,  known  as 
the  fluuhlc-uhiiiii  ulsvii- 
lor,  filled  with  a  casl-in-n 
boot,  the  boot  being  fitted 
with  a  takc-np. 

2.HH1£.  Dras".  orCoo- 
v»;yi>r»*. — III  recent  year> 
the  mclhudsof  handling  all 
kinds  of  materials  have  ri:- 
ccivcd  the  attention  of  the 
enj^ncering  profession  in  a 
marked  dcjiree,  and  the  re- 
sult is  that  large  numbers 
nf  incchanicalcoiiVLyorsare 
successfully  used  in  a!l  parts 
of  the  country.    Conveyors, 
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^  ags.  or  scrapers,  as  they  are  often  called,   are   a    cliiss 

jrf  machinery  that   has  found    much   favor  in  the   nnthrn* 

te  region,  and  inuy  tic  used  in  either  horixuntal  or  inclined 

hutes.     Most  of  the  drags  or  conveyor  lines  in  use  in  the 

ithracttc  region  atcconstruclt-d  witli  ihc  Dodge  conveyor 

lin  or  the   Bwart  chain.     Thi»  class  nf  miichineryis  used 

inci|)ally  for  conveying;  coal,  slalt;,  and  cnlni  in  and  about 

^  breaker  where  it  is  found  tinpos>sihle  to  pui  a  chute,  and 

pere  it  is  found  more  convenient  and  cheaper  to  use  drngs 

isn  tu  use  a  small  dcmp-car  or  wheelbarrow.- 
[ 

'2ftfi3.     Fig.    \<Hi  shows  iht-  elements  of  conveyors  as 
lonly  used  in  anthracilc-coal  breakers. 


PlO.  KMl 

'in  this  figure,  .-1  i«  known  as;  the  ftlffht  conveyor,  ff  as 
be  upi>urnn<l  mxlur  run  cmivuynr,  and  ('as  thedr«>p- 
llEbt  uuiivvyitr. 
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These  ilragit,  at;  shown,  arc  made  up  of  a  iruiigh  or  chute, 
at  each  end  of  which  arc  sprocket-wheels,  nver  which  ill 
linkcli»in  carrying  iherunveyorflighls  isrtin.  These  flight 
arc  fastened  :o  ilie  thaiii  by  a  special  link  insencd  in  lli 
chain.  The  drags  are  also  Btced  with  a  iakc*tip,  so  as  to 
lake  up  any  aluck  ihat  may  ucciir.  At  the  driving  end  ul 
the  lirtc  the  driving-wheel  is  cither  keyed  to  the  same  shaft 
as  the  sprocket-wheel,  or  a  pinion  and  Kpur-wheel  is  used 

Thirsc  drags  arc  driven  by  a  rubber  belt,  by  a  wire  or 
hemp  rope,  or  by  link  beUing,  as  shown  in  Fig.  1043.    The 
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principal  value  of  link  belting  as  a  power  transmitter  lie*  in 
the  nature  of  its  coiisiruLlion;  since,  being  composed  uJ 
links  anil  used  with  sprocket-wheels,  it  forms  a  positive  belt 
and  prevents  any  loss  of  motion  through  slipping,  as  is  often 
the  case  with  rubber  bells  or  Iieinp  ropes.  Where  the  power 
is  to  be  tranii'miUcd  at  s.  slow  rale,  the  link  belting  is  far_ 
superior  to  anything  else. 

28S4.  I-4»iMliiijE  l-lp».— These  are  specially  dciigncil 
chutes  to  convey  ihf.  ftial  from  Ihe  pnrkels  located  in  the 
bottom  of  the  brcikcr  to  the  bottom  of  the  railroad-cars.^* 
an  to  prevent  breakage.  There  arc  two  types  of  loadins 
lip»,  one  for  luni])  and  steamboat  coal  and  the  other  for  Ihe 
'Smaller  sizes. 

2H85.  Fig.  1044  shows  a  side  view  of  a  loading  lip  f^r 
lump  ant!  steamboat  coal.  It  consists  essentially  of  the 
apron  a,  made  of  sheet  iron  and  hinged  to  the  main  chtitc 
at  A.  The  car  to  be  loatlcd  runs  under  the  chute,  and  \\v- 
apron  is  let  down  iniu  ihc  car  by  means  of  the  lever  c.  Tl« 
gate  c  is  then  opened,  and  the  coal  is  allowed  to  run 
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2886.  Fig.  1045  shows  a  sectional  view  of  a  loadij 
for  coal  below  the  size  of  lump  and  steamboat;  it  is) 
as  the  Griffith  loadlnK  chute.  This;  apparatus 
essentially  of  a  rectangular  wrought-inm  trough  a.  cur 
part  of  a  circle  and  resting  on  guide-rollers  h,  c,  and  J 
has  a  hood  e  and  a  gate  f  on  its  front  end,  the  hotto 
tending  back  to^,  a  few  inches  under  the  pocket  chul 
taining  the  lip  screen  //.  It  is  cut  away  here,  so  th 
operation  of  the  screen  //  and  the  small  chute  /  will 
interfered  with  while  the  loading  chute  is  in  use,  nor| 
it  is  drawn  back  out  of  the  way  of  cars.- 

The  weight  of  the  chute  is  nearly  balanced  by  the  ■ 
and  weights  k  and  /;  the  remaining  part  of  the  we 
carried  by  the  hand  chain  m  and  the  weight  //. 

The  chute  runs  forward  as  soon  as  the  chain  m  isj 
ened  off.     The  small  chain  o  is  for  manipulating  the  | 
The  waste  coming  from  the  lip  screen  h  is  conveyed 
chute/  to  the  conveyor  line,  which  runs  in  the  trougl 


DESCRIPTION    OF    AN    ANTHRACll 
BKEAKEH. 


TIIK    COXSTHICTIOX. 

28S7.  Fi}j;un-s  W\>\,  \\n~,  and  l(i4S  show-  the  p 
elevation,  ami  cross-section,  respectivoly,  of  an  aiithn 
breaker. 

This  breaker,  as  shown,  is  not  arranged  fi.r  any  partic 
opening;,  but  can   be   used   fur  shaft,  slope,  <Irift,  (unne 
strippinj;.      Il   is  sii  arranged   that  jiart  of  ilio  coal  \i\ 
])ared  wet  and  part  dry.  ' 

The  general  plan  of  ihe  structure  is  a  wooden  trestle. 

2888.  The  Plan  View.— The  plan,  Fig.  1046,  sb 
the  arrangeTuent  of  thu-  posis  and  the  general  arrangan 
of  the  machinery  used  in  the  breaker.  It  also  show 
diagram  of  tlie  [jrocess  of  the  preparation  of  anthracite  c 
for  market. 
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Prom  the  plan  it  is  seen  that  the  structure  is  made  up 
a  number  of  bents,  ranging  from  0  to  13,  parallel  to 
e  another. 

The  posts  making  up  bents  0  and  1  occupy  the  same  wall, 
lich  is  built  continuous  throughout.  The  posts  of  bent  0 
It  on  the  masonry,  while  those  of  hent  1  are  set  in  a 
>rtised  sill  which  is  laid  the  entire  length  of  the  wall. 
le  posts  for  bents  2,  3,  and  4  are  also  placed  on  sills,  occu- 
ing  a  continuous  wall. 

Bent  J  has  two  sills  occupying  the  same  wall,  one  being 
;d  to  support  the  posts  which  act  as  braces  for  the  coal 
;kets,  as  will  be  seen  from  the  elevation,  Fig.  I(i47.  The 
its  of  all  the  remaining  bents  are  set  upon  piers,  and  are 
capped  with  a  dressed  stone,  as  shown  in  Fig.  1047.  It 
11  be  noticed  that  bents  1,  3,  and  S  have  a  greater  num- 
r  of  posts  than  any  of  the  other  bents;  these  extra  posts 
i  put  in  to  support  the  coal  pockets. 

2889.  All  of  the  machinery  connected  with  this  breaker 
driven  by  the  single  engine  a. 

The  crank-shaft  of  this  engine  has  keyed  to  it  the  fly- 
leel  b;  two  main  belt  pulleys  c  and  r,,  to  drive  the  main 
e  shaft  V  of  the  breaker  by  means  of  the  belt  pulleys  f, 
dr,;  a  belt  pulley  li,  which,  in  connection  with  the  belt 
lley  ei^,  is  used  to  drive  the  No.  1  or  main  rolls  C;  a 
It  pulley  c,  which,  in  connection  with  the  belt  pulley  r,,  is 
ed  to  drive  the  No.  ./  rolls  E;  a  rope  puUeyy,  which,  in 
nnection  with  the  rope  pulley/,,  drives  the  bony-coal  rolls 
a  rope  pulley  ^,  which,  in  connection  with  the  rope 
:lley  g^,  drives  the  slate-picker  rolls  G;  a  rope  pulley  h, 
lich,  in  connection  with  the  rope  pulley  /t,,  drives  the 
ain  24-inch  elevator  ti^;  a  rope  pulley  /,  which,  in  connec- 
m  with  the  dotted  rope  pulley  /,  and  the  miter  gears  aty, 
used  for  driving  the  broken-coal  screen  k.  The  main 
le  shaft  V  of  the  breaker,  which  is  driven  by  the  main 
iving-wheels  c  and  c,  and  r,  and  f„  stretches  across  the 
tire  width  of  the  breaker,  and  has  a  number  of  different 
iving  pulleys  attached  to  it.     It  is  made  up  of  a  number 
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of  different  plercs  r>f  Khafting,  coupled  togfcthcr  bTinnMi 
of  raced  flanged  couplingis,  shown  in  Pig.  1049. 

The  ends  of  the  sh.irt>;  to  l>e  coupled  are  key-sealed  lui 
placed  in  the  flanges  shown  in  Fig.  I04i>,  and  keyed;  lf> 

of  the  flanges  nre  then  placed  t&- 
gelhcr  and  iKiJicd,  as  shown. 

The  mud  screens  /,  /,,  and/, :irt 

driven  by  the  pulleys  «r  nnd  iw,,  r 

Ijciiig  kt'yc-d  u»  the  main  line  shaft 

/  'of  the  breaker  and  w,  t*j  the  siiafl 

wr,.    The  shaft  w,  carries  three  mhci 

gear-wheels  w,.  w,.  and  »/,,  and  iV 

'■'"  ""''■  ihrcc  shafts  at  right  angles  to  the 

shafts  ni^  have  small  pinions  which  gear  with  the  spur-gar 

of  the  screens  /,  /,,  and  /^. 

The  bell  pulley  «  on  the  main  line  sliaft  l^,  in  connection 
with  the  bell  pulley  «,.  drives  the  No.  S  rolls  D,  which  arc 
known  us  the  monkey  or  prepared<coat  rolls. 

The  rope  pulley  o,  keyed  lo  the  main  line  shaft,  in  coo- 
ncction  with  the  rope  pulley  c.and  th«  spur-gearing  i\,  drivM 
the  three  lines  of  drags  /,  which  convey  the  (.-oal  from  the 
chestnut-coal  jigs  />,  />^,  and  />^  to  the  picking  chutes,  wbe« 
it  is  picked  before  entering  the  pocket.  • 

The  belt  pidlcy  17.  in  connection  with  the  Iwlt  pulley  f, 
and  Ihc  buvel-gcaring  17,  and  ^„  drives  the  slate-picke' 
screens  y,  and  y,  for  chestnut  and  stove  coal,  respectively. 

The  belt  pulley  r,  in  connection  with  the  bell  pulivy  r,, 
drives  the  pistons  (r.-rj  in  the  chestnut  jigs/>,,  /,,  and/. 

The  belt  pulley  s,  keyed  to  the  main  line  shaft,  in  connec- 
tion with  the  belt  pulley  s,,  rlrivcs  the  pistons  5,  and  5,  (of 
the  stove-coal  jigs  /  and  /,. 

The  rope  pulley  u,  in  connection  with  the  rope  pulley  w,. 
the  stress  pulley  w,,  and  the  spur-gcaring  «,.  drives  the  tlnp 
/„  which  convey  the  coal  fT<im  the  stove-ciial  jigs  f  and  f,  to 
the  |)it;king  chutes. 

The  belt  pulley  v,  in  connection  with  the  bell  pulley  t-,, 
drives  the  pistons  f,  and  r/,  for  the  buckwhcnt-coal  jig  it' and 
the  pea-coal  jig  u>,. 
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The  rope  pulley  .r,  in  connection  with  the  rope  pulley  x^, 
the  deflecting  pulleys  :r„  and  the  pinion  .i',.  which  gears  with 
the  spur-gear  x,  of  the  screen,  is  used  to  drive  the  wet  rice- 
coal  screen  x^. 

The  belt  pulley  y,  in  connection  with  the  belt  pulley  _j'„ 
and  the  pinion  j\  which  gears  with  the  spur-gear  _>',  of  the 
screen,  and  which  in  turn  gears  with  another  large  screen 
gear  j\,  of  the  same  dimensions  as  j\,  drives  the  two  wet 
pea-coal  screens  ^r,  and  j\. 

The  rope  pulley  s,  in  connection  with  the  rope  pulley  jj,, 
the  deflecting  pulleys  j,,  and  the  spur-gearing  5,,  drives  the 
drags  /,  an<i  /,  which  convey  the  coal  from  the  buckwheat- 
coal  jig  fi'  and  the  pea-coal  jig  w,. 

The  rope  pulleys  a  and  d,,  in  connection  with  the  rope 
pulleys  /T,  and  t^^,  the  two  pairs  of  deflecting  pulleys  rt,  and 
a,  used  to  change  the  direction  of  the  driving  rope,  and  the 
pinions  rt,  and  it,  which  gear  with  periphery  spur-gears  rt,  and 
rt„,  are  used  to  drive  the  two  steamboat  screens  «,,  and  d,,. 

The  belt  pulleys  /;,  and  /%,  in  connectii>n  with  the  belt 
pulleys  fi^  and  i^,,  and  the  pinions  /i^  and  fi^,  which  gear  with 
the  screen  gears  /;,  and  i^,,  and  which  in  turn  gear  with  other 
large  screen  gears  fi^  and  /',^,  of  the  same  dimensions  as  ^, 
and' d,,  are  used  for  driving  the  wet  and  dry  egg-coal  or 
main  screens  d^^  and  i^,,,  and  /j,,and  /',,. 

The  rope  pulley  t/^,  in  connection  with  the  rope  pulley  rf„ 
drives  the  shaft  (/, ;  to  the  shaft  t/^  are  ki-yi-d  the  bevel-gears 
</j  and  f/j  which  drive  the  slatc-[iicki.'r  scrot^ns  (/,  and  </.,  and 
which  are  used  to  take  the  slate  out  of  the  dry  chestnut  and 
stove  coal,  respectively.  To  this  shaft  f/,  is  also  keyed  the 
belt  pulley  t/^,  which,  in  <iiiinecti()n  with  the  belt  pulley  </,„ 
and  the  gearing  i/^^,  drives  the  lump-cnal  lij)  elevator  <■/,,. 

The  rope  pulley  c,,  in  coiinectiiiii  wilh  the  rope  pulley  i\, 
the  deflecting  pulleys  i\,  and  the  pinion  <■,,  which  g<'ars  with 
the  spur-gear  i\  of  the  screen,  is  used  to  tirive  the  dry  rice- 
coal  screen  r,. 

The  belt  pulley  /",,  in  coniicrtion  with  the  belt  pulley  /^, 
and  the  pinion  y",,  which  g<-ars  witii  the  sjiui-Licar  /^  of  the 
screen,  and  which  in  turn  gears  with  another  large  screen 
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gear/,,  of  the  same  flimc;nsi{ni:s  as /",,  drives  the  twn 
dry  pea-eual  stTCKiis-/,  aniJ  /",, 

The  (li'ivinj^'-sh^ift   f'.M'  the  brokeii-coal  screen,  whi 
driven  by  the  miie  imlleys  /  :ind  i'^.  carries  a  bolt  [mlJd 
and,  in  connection  with  the  belt  pulley^,  and  the  gear 
drives  the  broken-L-oal:  dnigs  i,-^,  used   u>  elevule   the 
coal  fnnTi  the  brnkeii-coid  screen  k.  so  that   it  can  be; 
befnre  entering  the  pneket. 

The  driving-Hhaft  fmr  the  egg-coal  screen  A,,,  driv 
the  belt  pulleys  i,  and  A,,  has  a  rope  pullcv  /-|  kcyeil 
and  this,  in  connection  with   the  rnpe  pulley  /',.  the 
ing  pulleys  /■,,  the  pinion  ii\,  and  the  screen  gear  /■„  vi\ 
to  drive  the  lip-screenings  separator  i\. 

To  the  shaft  I-,,  driven  by  it„  m  keyed  a  small  pinic 
whi^^h  is  geared  to  the  spur-gear  ^\,  and  which  in  turni 
the  Ijp-^rreenings  elevator  k^^. 

To  the  shaft  ^,  is  also  keyed  the  rope  pulley  i'^^,  whi-il 
c*»nncc;tion  with  i'^^,  directly  under  ifr,,,  drives  the 
which  gears  with  i^^  and  li',,.  and  they  in  turn  dril 
bcvcl-gcars  i\^  and  ^■„,  which  drive  the  sprocket-wh< 
und  X',„,  and  i\^  and  4,,,  to  which  are  attached  Ihe  di 
and  *„,  us.od  to  convey  the  lip  acreonings  to  the  lip-s 
ings  elevators  A\^. 

2890.  In  Fig,  1040,  /.  and  /,  show  the  rails  for  the 
ing  track,  where  the  house-cars  and  gondolas  are  loaded 
shipment,  while  /^  and  /„  show  the  rails  far  the  loading  tM 
■where  the  sm:dler  railroad-cars  are  loaded  for  shipment. 

The  rails  /,  and  /^  are  those  used  for  a  narrow-grange  tr 
to  run  a  small  dump-car  over,  to  carry  the  Inmp-cnal  sere 
ings  from  th«  p'H-ktt  under  the  lump-cal  chute  to 
screenings  elevator  r^,,,  by  which  they  are  elevated  into 
breaker  to  he  reseiiarated, 

The  three  rails  /^.  /^^,  and  /,,  form  the  double  tracks  for 
dump-cars,  which  convey  the  culm  and   rock   to   the   w3fl 
heaps. 

2891.  Tilt    Side     lilevaHon.— Fig.    1047    is   a 
elevation  of  the  breaker  wlib  the  sheathing  removed, 
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shows  the  arrangement  of  the  screens  and  other  ma^ 
chinery. 

From  the  elevation  it  is  seen  that  the  breaker  is  located 
on  a  sloping  surface.  The  piers  A  are  armnged  in  steps, 
while  the  continuous  walls  Ji  are  almost  ^  on  the  same 
level.  This  figure  also  shows  the  method  of  framing  and 
bracing.  Instead  of  using  the  ordinary  mortise  and  tenon 
for  framing,  cast-iron  brackets  >«,  and  «/,  are  used  for  many 
of  the  larger  sized  timbers.  As  shown,  these  cast-iron 
brackets  /«,  and  /«,  have  two  small  projecting  arms  w,  and 
w„  which  are  set  into  the  mortised  timbers.  Generally, 
each  bracket  has  six  holes  drilled  in  it  to  receive  the  bolts — 
four  for  the  upright  posts  and  two  for  the  cross-timbers — one 
set  of  bolts  doing  for  two  brackets,  as  here  shown,  the  bolt- 
holes  in  the  brackets  being  set  in  line  with  each  other.' 

The  transverse  timbers,  as  shown  by  w/^^,  are  also  secured 
by  brackets.  As  shown  in  the  figure,  these  timbers  are  a 
little  above  the  timbers  shown  in  the  side  view,  so  that  the 
bolts  win  not  meet  each  other.  The  braces  are  nearly  all 
at  45°  or  30°  to  the  uprights  and  secured  by  oak  pins. 

2S92.  In  this  figure  ;/,  shows  a  mine-car  in  the  position 
of  dumping,  or  being  tipped;  the  part  «„  covered  by  the 
roof  «,  and  having  the  floor  on  which  are  spiked  the  rails 
7/j,  is  known  as  the  tip  house,  or  the  place  where  the  mine- 
cars  are  dumped.  The  dump  h,  is  known  as  the  cradle 
dump,  which  has  already  been  spoken  of. 

The  coal  as  it  comes  out  of  the  mine-car  passes  over  the 
bars  ff,  to  W||,  which  are  generally  spoken  of  as  the  main 
screening  or  platform  bars;  they  are  set  IJ-J-  to  5  inches 
apart. 

The  coal  that  drops  through  the  bars  ;/,  to  w,^  passes  into 
the  V-shaped  hopper  t\.  This  ho[»pcr  is  made  the  entire 
width  of  the  screening  bars,  and  in  many  cases  it  is  referred 
to  as  the  main  hopper.  As  shown,  the  bottom  n^  of  this 
hopper  rests  nn  very  heavy  beams  t\.  whii'h  are  notched  into 
each  other  at  i\.  The  bottom  is  always  very  heavily  ironed, 
but  the  sides  are  lined  with  a  very  much  lighter  iron.  There 
are  three  openings  at  the  lower  end  to  feed  the  coal  out  of 
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the  h upper  tf,  into  the  circular  hoppers  o^,  which  convey  the 
coal  to  the  ihrL-c  mud  screens  /,  /,,  and  Z^,  /  being  thv  mnty 
one  shown,  as  the  other  two  are  parallel  to  it. 

The  three  muti  screens  !,  /,,  aiiU  /,  are  built  very  short,  and 
are  ujsed  to  oLitain  only  a  partial  separation  uf  die  wai. 
Tht-y  are  eingle-jaekcted  screens  having;  three  rows  of  5cf- 
meiils,  aiul  arc  Lnnstnictetl  in  the  same  manner  as  ttliw 
already  described.  From  this  view,  it  is  seen  how  the  small 
pininii  nnderneiilh  the  screen  meshes  with  the  screen  grear, 
It  will  Iw  nuticfd  that  the  pinion  is  teytd  to  a  shaft  thai  is 
hnriKuntul,  while  the  i^crecn  shaft  to  ivhich  tlii.-  larjje  jjtar 
is  keyed  iii  set  at  an  angle,  bo  as  to  give  the  required  J>itdi 
tn  the  sereen.  The  tai'k  ends  of  these  screens  are  5U]kpnrte4 
by  hangers,  which  are  bolted  to  the  tross-liitibers  /)  .  Tin 
journals  at  the  front  end  of  the  screens  are  placed  in 
s[ieiially  designed  biJ\ea  that  rest  on  the  cross-timber  ff,. 

The  side  elevation  shows  how  these  screens  are  driven; 
for  from  (hi;  plan  it  \&  evident  that  the  mud  screens/,  /.,  aod 
/,  are  driven  by  the  pulleys  m  and  w;,,  w  being  keyed  to  the 
main  line  shaft  I',  and  w/,  being  keyed  to  th«  shaft  <«,- 
From  this  view,  only  one  tif  the  three  miter  gears  can  be 
seen,  /«,,  which  is  keyed  to  the  shaft  /«,, 

Directly  above  these  three  mvid  screens  are  located  the 
thr(-e  water  trniijrhs/'j,  y,,  and  y*^.  In  this  view  the  trough/, 
obstructs  the  view  of  /,  and/,,  which  are  arranged  parallel 
to  /,.  These  troughs  are  kept  overflowing,  the  water  being 
fed  by  a  pipe/,  in  the  bottom  of  the  troughs.  The  feed-pipe/, 
connects  with  the  pipe/,,  which  is  connected  to  the  water- 
tank /„.  The  water  is  pumped  into  this  tank  through  the 
pipe/,.  In  many  cases  the  pump  is  located  in  the  interior 
of  the  mine.  The  tank/,  is  located  above  the  troughs/,,  ^,, 
and  /„  so  as  to  get  enough  head  to  keep  the  water  overflowing 
in  the  troughs. 

The  coal  that  drops  through  the  bars//,,,  which  are  5  inches 
apart,  passes  into  the  main  or  No.  1  rolls,  which  are  marked  C 

2893.  The  inclined  floor  <;,  is  covered  with  cast  plates 
on  a  pitch  of  1^  inches  to  the  foot,  and  is  known  as  the 
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■  g»la«forin.  The  coal  that  has  passed  over  the  main  screen- 
ing or  platform  bars  is  cleaned  and  assorted  on  this  platform 
q^  by  a  number  of  men  known  as  platform  men.  This  plat- 
form consists  of  symmetrical  halves;  that  is,  it  has  two  holes 
to  take  the  coal  to  the  main  rolls  C,  and  two  places  q,  to 
throw  the  chippers  to  be  chipped.  The  inclined  part  q^  is 
w^here  the  lump  coal  and  heavy  rock  are  pushed  over  by  the 
platform  men  into  the  lump-coal  and  rock  chute  ^„  which  is 
one  chute,  but  divided  by  a  partition,  the  lump  coal  bemg 
allowed  to  run  on  one  side  and  the  rock  on  the  other. 

The  beams  q,-q,^,  shown  in  this  figure,  are  used  to  sup- 
port the  iurap-coal  and  rock  chute,  the  planking  for  the  floor 
of  the  chute  being  removed. 

Another  view  of  this  chute  is  shown  by  ^,,  y,,;  the  lump 
coal  and  rock  coming  over  the  top  of  the  breaker  change 
their  course  by  dropping  into  the  chute  ^,j^,„  located  at 
right  angles  to  the  chute  supported  by  the  beams  y,,-^,,. 
The  lump  coal,  in  running  over  y,,  ^,„,  is  allowed  to  drop 
through  an  opening  in  the  bottom  at  y,,  into  another  section 
of  the  chute  y„  </,.,  which  is  directly  under  q^^  ^„.  The  rock 
which  runs  parallel  to  the  lump  coal  passes  over  the  end  of 
^11  ?ie  '"'^"  '■'^^  slate  chute  y,,  g^^,  which  is  located  directly 
underneath  the  lump-coal  chute  (/,.  q^^.  The  rock  from  chute 
9t*  9w  '^  loaded  into  dump-cars  that  run  over  the  rails  /„ 
and  /,,  to  the  rock  bank. 

Underneath  the  lump-coal  chute  q^^  q^^  is  located  the 
V-shaped  pocket  </,  used  to  hold  tiie  lump-coal  screenings, 
which  are  the  smaller  pieces  of  coal  that  have  been  broken 
off  the  larger  lumps  that  drop  through  the  bars  located 
directly  above  the  pocket.  These  lump-coal  screenings  are 
loaded  into  a  small  dinnp-Ciir  that  runs  over  the  rails  /,  and  /,, 
and  conveys  them  to  the  lump-coai  screenings  elevator  rf„, 
whence  they  are  lifted  into  the  breaker  to  be  reseparated. 

The  hopper  r^  is  for  the  main  rolls  C\  it  is  circular  in 
section,  and  is  used  to  convey  the  coal  from  the  rolls  after  it 
has  been  crushed.  Tiiis  hi)p])er,  as  shown,  is  on  a  good  pitch,' 
so  that  there  is  no  danger  of  the  coal  stopping  up  and  thus 
"stalling"  the  rolls 
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2K(>4.  The  coal,  aflvr  leaving  the  hopper  r^,  drops  inin^ 
wlicrc  it  is  dividwl.  the  one  pan  going  to  ihc  slearahmt 
screen  (T,,  and  the  other  part  to  the  itteamboat  screen  a, 

The  steamboat  screens  «,,  and  «,,  are  both  of  tlic 
dimensions,  and  are  nrrtini^ed  parallel  to  ciich  other.  Tbej 
are  double-jacketed  cast-iron  screens  with  (our  rows  or  seU 
of  segments,  steam  boa  t-coal  ct-ming  out  of  the  end  -f  lb* 
intiiile  jackeL  and  broken  coal  coming  out  of  the  end  of  Ihe 
outside  jacket.  • 

As  shown,  the  steamboat  screen  <»,,  is  driven  by  the 
screen  gear  »T,.  which  sears  with  the  small  pinion  rt,.  Pronithn 
view  it  is  shown  how  the  rope  pulley.  <r,  and  rf,.  arc  located,*, 
beinjf  driven  by  the  rope  pulley  a^,  which  ts  keyed  to  the  roaJn 
line  shaft  t'.  The  driving-gear  for  the  other  stL-amh^i 
screen  fl,,  is  arrangetl  parallel  to  the  driving-gear  nf  tlie 
screen  ff,,,  and  all  thf  pans  of  it  arc  of  the  same  ditnensiont 
as  those  shown  in  this  figure.  TUc  back  ends  i»{  the  screens 
arc  supported  by  hangers  which  are  bolted  to  the  beam  r,, 
The  journals  at  the  front  end  work  in  specially  dcsignMl 
boxes  which  are  bolted  to  the  beam  r,. 

The  chutes  r^  and  *-,,  carry  the  steamboat  and  broken  wnl 
that  comes  from  the  steamboat  screens  «,_  and  a^^.    Parallel 
to  the  chute  r.  is  the  chute  r,,,  which  carries  the  coal  that 
comes ont  of  the  front  cndof  the  three  mudserccns/,  /,.  and/, 
The  coal  that  travels  down  chutes  r,.  r,,,  and  r„  is  picked  i 
the  picking  room  r„. 

The  sileps  r^,- r^j  show  the  arrangement  of  the   Boorin 
the  picking  room  r,,,  which  consists  of  a  scries  of  steps, 
short  platforms,  arranged  one  above  the  other. 


I 


2HH5.  The  hopper  s,  for  the  mud  screens  is  cut  away  I 
show  tlie  partition  x,.  which  is  used  to  separate  the  fine  w>«l 
from  the  coarse  coal.  The  chute  s^  carries  the  coarse  «al 
that  drops  out  of  the  two  rows  of  segments  im  the  three 
mud  screens.  This  coal  is  conveyed  to  the  wet  egg-cool 
screens  A,,  and  ('',,.  The  chute  j,  carries  the  fine  coal  thit 
drops  out  of  the  segment  on  the  back  end  of  these  tint 
mud  screens.     This  coal  is  conveyed  to  the  two  wet  pea-coal 
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screens  _y,  and_y,.  The  chutes  j,  and  f,  are  made  water-tight 
to  prevent  the  water  from  constantly  dripping. 

The  number  of  circular  rings  that  compose  the  figures 
^^j  and  ^„  are  the  projections  of  the  circular  screen  rings  to 
which  the  segments  are  bolted  that  make  up  the  wet  egg- 
coal  screens.  The  inside  circles  are  used  to  support  the 
inside  jacket,  and  the  outer  circles  to  support  the  outside 
jacket. 

The  small  circle  marked  b^  is  the  pinion  that  meshes  with 
the  screen  gear  ^,,  which  in  turn  gears  with  b^.  The  circle 
marked  b^  represents  the  belt  wheel  which  is  used  in  the 
driving  of  the  wet  egg-coal  screens  i,,  and  ^„.  The  circle 
marked  A,  represents  the  belt  wheel  which  is  keyed  to  the 
driving-shaft  for  the  wet  egg-coal  screen,  and  is  used  to 
drive  the  lip-screenings  elevator  k^^. 

The  number  of  circular  rings  that  compose  figures  j,  and 
jf^  are  the  projections  of  the  circular  screen  rings  to  which 
the  segments  that  go  to  make  up  the  wet  pea-coal  screens 
are  bolted. 

The  small  circle  _)',  represents  the  pinion  that  meshes  with 
the  screen  gear  y^,  which  in  turn  meshes  withj'^.  In  this 
case  the  pinion,  instead  of  being  underneath  the  screen,  is 
on  the  top.  The  circle  y^  represents  the  belt  wheel  that 
drives  the  pea-coal  screens. 

2896.  The  screen  q^  shows  the  arrangement  of  ,a  slate- 
picker  screen  which  is  arranged  parallel  to  the  slate-picker 
screen  g^,  as  shown  in  the  plan.  These  screens  are  made  up 
of  three  sets  of  cast-iron  segments,  known  asslaC«  pickers. 
As  shown,  the  longitudinal  openings  in  these  pickers  through 
which  the  flat  slate  drops  out  are  at  right  angles  to  the 
screen  shaft. 

There  are  three  cast-iron  rollerson  the  tup  of  each  screen, 
which  are  not  sliown  here,  one  for  each  set  of  slate  pickers. 
These  are  used  to  keep  the  openings  in  the  shite  pickers 
from  becoming  tlof^ged,  for  if  they  were  not  usi<l,  the  flat 
slate  would  soon  block  up  the  openings.  The  slate  screen 
^,  is  used  for  taking  slate  out  of  the  stove  coal  as  it  Comes 
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from  tile  mcslics  nf  the  stovc-eoal  segments  <m  the  wei  eg^- 
ctMil  screens  b„  and  ^,,  before  entering  the  stove-coal  jig. 
The  slate  screen  ^»  is  used  for  taking  slate  out  of  the  chest- 
nut c<i:il  as  it  coiiil's  from  thu  meshes  uf  the  chestnut'coal 
segments  on  the  wet  cjjg-cual  screens  /,,  antl  A,^  before  en- 
tering the  diestnui-coal  jig.  These  screens  are  driven  by 
the  liiTVfl-^ears,  as  shuwn  ty  /,,  lucated  at  the  front  end  of 
the  screens,  which  in  turn  arc  driven  by  the  belt  pulleys  ^, 
and  q,  q  bein^  keyed  to  the  main  line  shaft  f. 

2S97.  The  lank  w  shows  the  end  view  of  the  buck- 
wheat-coal  jig  tank,  The  tanks  for  stove,  chestnut,  and 
pea  coal  jigs  arc  arranged  parallel  to  Ihc  tank  zv.  I'he  chute 
t^  shows  the  inclined  drag-line  chute  for  buckwheat ;  /„ 
Rhown  in  the  plan,  is  for  pea  coal,  and  is  arranged  par.-iUel 
to  /,;  ihey  convey  the  coal  from  tlie  jig  lank  w  and  ic, 
chutes  which  convey  the  coal  tu  the  buckwheat  and 
coal  pockets. 

The  chute  /,  shows  the  inclined  drag-line  chutes  that  q 
vey  the  coal  from  the  stove-coal  jig  tanks  to  the  picking; 
chutes,  where  it  is  picked  before  entering  the  jiockets.  The 
chutes  /^,  sliown  in  the  plan,  are  arranged  paralk-l  to  the 
chutes  t,,  and  are  used  for  conveying  the  chestnut  coal  from 
the  chestnut  jig  tanks  to  a  chute  which  leads  to  the  ehcstnubm 
coal  pocket.  ^| 

The  belt  wheel  «',  is  in  line  with  the  belt  wheels  j,  and  r„ 
and  shows  the  side  view  of  the  three  l)elt  wheels  which  are 
arranged  pu.rallel  li»  each  other.  They  run  ihe  line  shafts 
for  the  jig  pistons  of  the  buckwheat  and  fwa  and  stove  and 
chestnut  coal  jigs.  One  of  the  cants  «,  which  gives  the  up- 
and-ildwn  motion  to  the  jig  pistons  is  ulso  shown  in  this  view. 

28t>8.  The  circle  A,  shows  the  side  view  of  the  rope 
pulley  that  is  used  in  connection  with  the  driving-gear  of 
the  main  elevator  «,, 

This  elevator  is  the  regular  link  and  bar  elevator,  a  detail 
of  which  is  shown  in  Fig.  If)3fl.  In  Fig.  in:i9  the  small 
pinion  is  geared  :it   the  side  instead  of  directly  under  the 


large  spur-wheel,  as  shown  in  this  view.     The  elevator  if. 
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used  to  elevate  all  the  dry  coal  that  is  cracked  up  by  the 
Nos.  3,  3,  4,  and  5  rolls,  also  that  coming  from  the  lip  screens 
under  the  breaker. 

The  screen  k  shows  a  side  view  of  the  broken-coal  screen, 
which  is  a  single-jacketed  screen  having  three  rows  of  seg- 
ments. As  shown,  the  screen  gear  meshes  with  the  small 
pinion  above  the  screen.  The  shaft  to  which  this  pinion  is 
keyed  runs  directly  over  the  center  of  the  screen,  and  at  the 
front  end  of  the  screen  is  the  miter  gear/,  which  is  driven  by 
the  ntpe  pulleys  i^  and  /,  ('  being  keyed  to  the  shaft  of  the 
breaker  engine.  (See  also  the  cross-section,  Fig,  ]048  ) 
The  pulley  /,  is  keyed  to  the  same  shaft  as  g^,  which  is  shown 
in  this  side  view.  The  pulley  g^,  in  connection  with  the 
pulley^,  (shown  in  the  plan),  drives  the  drag-line^^,  which 
conveys  the  broken  coal  that  comes  out  the  end  of  the 
broken-coal  screen  k,  after  it  has  passed  down  a  short  chute 
leading  to  the  drags,  to  the  picking  chutes,  where  it  is  picked 
before  entering  the  pocket. 

The  hopper  «,  carries  to  the  main  elevator  w,  (see  also  the 
plan  and  cross-section)  the  different  sizes  below  broken  coal 
that  drop  through  the  meshes  in  the  broken-coal  screen. 

2S99.  At  different  times  there  is  a  greater  or  less  de- 
mand for  one  size  of  coal  than  for  any  other.  When  there 
is  little  demand,  or  no  demand  at  all,  for  broken  coal,  instead 
of  hoisting  it  up  in  the  drag-line  ,.f^,  it  is  run  into  the  No,  3 
rolls  E  and  broken  up  intosmaller  sizes;  in  case  there  is  no 
great  demand  for  egg  coal  at  the  same  time  that  there  is  no 
demand  for  broken,  by  jacketing  the  broken-coal  screen  with 
segments  of  a  smaller  mesh,  the  egg  and  the  broken  coal 
will  come  out  the  end  of  the  screen, 

2900.  The  hopjier  //  shows  the  side  view  of  the  roller 
hopper  for  the  No.  .'J  rolls  /:',  which  is  used  to  carry  the 
coal,  after  being  crushed,  away  from  the  rolls  to  the  main 
elevator  «,. 

The  bony  coal  coming  from  the  broken,  egg,  and  stove 
coal  pickings  is  broken  into  sizes  below  stove  coal  by  the 
No.  4  rolls  F. 
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All  the  f].-it  slat«  and  coal  coming  irom  the  slatc-pick<f 
screciDi^,,  ^^,  (/,,  and  //,  aru  brukcn  into  sizes  beluw  L-liestnui 
coal  by  the  No.  5  rolls  C. 

The  coal  coming  from  the  No.  +anti  No,  5  rolls  is  convey 
by  the  roller  hopper  »„  a  i>idc  view  of  which  is  »howii  in  tliu 
figure,  to  the  main  elevator  h,. 


i«^i 


cr, 

I 


2(K>I.     The  inclined  timbers  t'„  i'„  i',,  and  »',  are  the 

supports   for   the    waste    jiorkct  W.     This  pocket    extends 
almost  the  entire  width  of  the  breaker,  and  ixtllccts  all  ihc 
vrastc,  such  as  culm,  rock,  and  &Iatc.     The  culm,  however, 
cominjf  from   the    wet    rice-coal   screen,  is  carried    off 
troughs  with  water  and  dL-poaittd  on  the  slush  bank. 

The  inclined  timbers  '\  to  t^^  are  covered,  as  shown,  wit 
3-iiich  planks,  which  (onn  the  bottom  of  the  waste  pocket. 
These  planks  are  covered  with  caal-lron  plates  or  very  heavj 
sheet  iron. 

In   this  pocket,  f,  shows  the  very  fine  culm  coming  froil 
the  dry  riec-eoal  screen;   v^  is  the  slate  coming  from  the 
picking  rooms,  and  7\^  shows  the  slate  coming  from  tlMl 
buckwheat,  pea,  chestnut,  and  stuve  coal  jigs.  "■" 

At  the  bottcnn  of  this  waste  jmcket  W,  on  both  sides  of 
the  trucks,  a  number  of  loading  gates  are  arranged  to  load 
the  waste  into  dump-cars  that  run  over  the  double  tracks 
formed  by  the  three  rails  /,,  /,„  and  /„.  The  position  of  the 
No.  3  rolls  is  shown  at  D.  These  arc  commonly  spoken  of 
as  the  prepared  coal,  or  monkey  roIlR.  They  break  up  all 
the  coal  coming  from  the  mud  screens  /,  /,.  and  y,,  and  at 
times  the  coal  coming  from  the  steamboat  screens  o„  and  tf„. 

2902.     The  hopper  u\  shows  a  side  view  of  the  circular 
hopper  for  the  No.  2  rolls  I),  which  conveys  the  crushed  cob^h 
coming  from  the  rolls  to  the  brokcn>i?oal  screen  k.  ^| 

The  screen  .r,  shows  a  side  elevation  of  the  wet  rice-coat 
screen.  There  is  another  rice-coal  screen  arranged  parallel 
to  this,  and  of  the  same  dimensions,  which  is  used  to  prepare 
the  rice  coal  on  the  dry  side.  Both  arc  single -jacketed 
screens  having  four  rows  of  segments. 

As  shown,  the  wet  rice  screen  x^  is  driven  by  the  large 
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screen  gear  jr„  which  meshes  with  the  small  pinion  x^  over 
the  screen.  This  pinion  is  keyed  to  the  same  shaft  as  the 
rope  pulley  .r,,  which  is  driven  by  the  rope  pulley  x  keyed 
to  the  main  line  shaft  /'.  The  circle  x^  shows  the  position 
of  two  wheels,  called  deflecting  wheels  or  pulleys,  which  are 
used  to  change  the  direction  of  the  rope  that  drives  the 
pulley  x^.  These  wheels  work  kjosely  on  the  same  axle, 
that  they  may  turn  in  opposite  directions,  (See  extreme 
right  of  end  elevation.) 

The  screen  </,  is  a  cast-iron  slate-picker  screen,  and  the 
plan  shows  another  similar  screen  </,.  These  screens  (/,  and 
rf,  are  of  the  same  dimensions  and  are  arranged  parallel  to 
each  other.  Both  of  these  screens  are  of  the  same  dimen- 
sions as  the  slate-picker  screens  g^  and  ^„  and  have  the  same 
arrangement  of  machinery  in  use  above  the  screen  for 'their 
operation.  The  screen  i/^  is  used  for  taking  the  slate  out  of 
the  chestnut  coal  as  it  comes  from  the  meshes  of  the  chest- 
nut-coal segments  of  the  dry  egg-coal  screens  A„  and  i,,,  as 
shown  in  the  plan  ;  similarly,  the  slate  screen  d^  is  used  for 
taking  the  slate  out  of  stuve  coal  as  it  comes  from  the 
meshes  of  the  stove-coal  segments  on  the  dry  egg-coal 
screens  ^,,  and  d,^. 

2903.  To  the  shaft  (/,  is  keyed  the  bevel-gear  wheel  rf„ 
which  is  used  in  driving  the  slate  screen  (/,.  To  this  same 
shaft  (/j  are  keyed  the  pulleys  </^  and  </^,  which  are  of  the 
same  dimensions;  if^  obstructs  the  view  of  f/,. 

The  pulley  (/„  in  connection  with  the  belt  pulley  </,,  and 
the  gearing  d^^,  drives  the  lump-coal  screenings  elevator  (/,,, 
all  of  which  are  shown  in  this  side  elevation.  The  rope 
pulley  (/„  which  is  keyed  to  the  shaft  i/^,  is  used  in  connec- 
tion with  the  rope  pulley  (/,,  keyed  ti>  the  main  line  shaft  V, 
to  drive  the  screens  i/^  and  </,  and  the  lump-coal  screenings 
elevator  d^^. 

The  coal  that  is  elevated  by  the  lump-coal  screenings 
elevator  </,,  is  conducted  by  a  chute  to  the  broken-coal 
screen. 

The  circle  u^  shows  the  position  of  the  two  deflecting  rope 
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pulleys  wliii'li   wi»rk  lotwcly  on  the  shaft.      They  are  used  in    1 
coonccti-on  with  the  rope  ptilley  it^  and  the  gearing  w,  in 
tiriviiig  ihe  Htovt'-ciiii]  (Irii^-line  /..     These  pulleys  «,  are  put 
in  to  keep  tlic  driving;  rupv  abuye  the  pea-coal  screens. 

The  circle  j,  iil^o  slitcws  th<;  position  ni  deflecting  pulleys. 
whicK  wurk  lonsely  uti  thu  shaft.  They  are  used  in  ci^ntiEU-  | 
tiuii  with  thii  rupe  pulley  :;,  and  the  gearing  s^  in  driviniJ 
ihi;  buckwheat  aiul  pea  cual  drag-line  /",.  The  rope  pulley 
J,  is  put  in  to  kcL-p  the  driving  rope  away  from  the  sideof 
the  wet  ricc-coul  screen, 

'  2904.  The  rhute  sc,  shows  the  side  view  of  the  picking 
chulcs  on  the  wet  side  of  the  breaker,  where  the  coal  as  it 
leaves  the  draj^^  and  screens  is  picked  by  men  .-ind  boys  as  it 
passes  down  ihc  picking  L-hules  im  its  way  to  tlie  pockets. 

From  tc  tt>  it',  is  shown  the  arrangement  of  the  floflr  iii 
the  main  pit.'king  rocnn. 

The  coal,  after  l(?aving  the  picking  chutes  w,,  passes  along 
chulcs  a',,  which  are  known  as  fcicgrnj*lis.  These  are  chutes 
with  no  rtf^iihir  sulfs.  The  iron  ihat  forms  the  boltnni  is 
■sli^Fhtly  turned  up  on.  each  side,  so  that  the  coal  can  leave 
the  chute  from  the  sides  as  It  blocks  up  from  below.  They 
iire  usud  fur  fouvcyiny  coal  or  slate  Eu  tlic  pockols.  In  this 
figure,  the  arrows  placed  along  the  sides  of  the  telegraph  it', 
show  that  the  coal,  after  filling  the  pocket  'm^  from  below 
up,  can  drop  off  on  either  side,  and  thus  completely  fill  the 
pocket. 

2905.  The  bottoms  of  the  V-shaped  coal  pockets  ic,, 
the  end  view  of  which  is  shown  in  this  figure,  are  supported 
on  beams  iv^  and  iv^^,  which  are  on  a  pitch  of  8  inches  to  the 
foot.  These  beams  are  well  supported  by  the  posts  and 
braces  forming  the  bents  1,  2,  S,  and  4.  The  coal  from  these 
pockets  can  be  loaded  from. either  of  the  loading  chutes  ly,, 
or  w„.  The  coal  that  is  loaded  from  the  chute  «',j  is  loaded 
into  house-cars  or  large  gondola  cars,  which  run  on  the  track 
the  cross-section  of  which  is  shown  in  /,  and  /,.  The  coal 
loaded  from  the  chute  ti',,  is  loaded  into  the  ordinary  rail- 
road-cars that  run  on  the  track  formed  by  the  rails  /,  and  /.. 
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At  x^  and  ^„  in  the  loading  chutes  «■„  and  w,,,  are  placed 
the  loading  lip  screens  which  take  out  the  fine  stuff,  which 
drops  into  the  chute  x,,  and  is  conveyed  by  the  drag  Hights 
ranning  over  the  sprocket-wheel  it,,  to  the  lip-screenings 
elevator  ^„. 

The  rope  pulley  ^,„  in  connection  with  the  miter  gear,  as 
shown  in  the  plan,  and  the  bevel-gearing-  i'„,  as  shown  in  this 
side  elevation,  is  used  to  drive  the  drag-line  which  passes 
over  the  sprocket-wheel  /■„. 

The  rope  pulley  X',,  is  on  line  with  the  rope  pulley^,,, 
which  is  keyed  to  the  shaft.*',;  to  the  shaft  k^  is  also  keyed 
the  rope  pulley  ^„  which  is  driven  by  the  rope  pulley  k^, 
keyed  to  the  shaft  that  drives  the  egg-coal  screens,  by  means 
of  the  idler  A,,  which  consists  of  two  deflecting  pulleys,  used 
to  change  the  direction  of  the  driving  rope  that  runs  over 
the  rope  pulleys^,  and  k^. 

The  screen  k^  shows  the  side  view  of  the  lip-screenings 
separator,  which  is  in  part  a  double-jacketed  screen,  driven 
by  the  small  pinion  k\,  which  meshes  with  the  screen  gear  k^. 

The  pinion  k^,  as  shown,  is  keyed  to  the  shaft  ^,,  to  which 
is  also  keyed  the  pinion  /'„,  gearing  with  the  spur-wheel  k^  of 
the  lip-screenings  elevator  k^^,  which  empties  its  contents  into 
the  screen  *,.  This  screen  /•,  takes  out  the  buckwheat  and 
pea  coal,  the  buckwheat  coming  out  of  the  end  of  the  outside 
jacket,  and  the  pea  coal  passing  through  the  meshes  of  the 
single-jacketed  portion  of  the  screen.  The  buckwheat  is 
carried  by  the  cliute  r,,  and  the  pea  coal  by  the  chute  _»<„  to 
the  pockets  located  on  each  side  of  the  screen.  The  fine 
stuff  that  drops  through  the  meshes  of  the  outside  jacket, 
together  with  the  coarse  coal  coming  out  of  the  front  end  of 
the  screen,  is  carrietl  through  the  hopper  _>'„  which  is  only 
partly  shown,  to  the  main  elevator  //,. 

The  breaker  engine  a  is  located  in  the  lower  part  of  the 
breaker,  and  is  protected  from  the  dust,  etc.,  by  the  roof  s^. 

290S.  The  ronfs  that  cover  the  different  parts  of  the 
structure  are  shttwn  in  this  view.  They  are  supported  by 
much  lighter  posts  than  thuse  used  in  the  lower  part  of  the 
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breaker  structure,  and  are  mortised  into  transverse  boamj 
The  post  caps  arc  of  the  same  dimensions  as  the  posts; 

siipi>iirt  the  rafters,  whidb 

■i  inches  X  '» inches  in  sect! 
set    on    end,   and    the 
covered    with    Nu.    26 
gated    iron    sheets,  as 
in  Pig.  1061).    The  sheets 
a  lap  of  at   least  two  co: 
ttons  on  the  sides,  and  from  4  inchc:;  to  ti  inches  top 
bottom.     Where  the  posts  are  very  far  apart,  the 
instend  iif  resting  directly  on  the  caps,  are  sup|H>r 
cx)rbel  blocks,  as  shown  in  the  figure. 

This  corrugated  iron  is  manufactured  in  sheets  il.  7,  8,  ft, 
and  10  feel  long,  or.  if  desired,  is  furnished  in  special  Icn; 
and  is  coated  with  a  red  mineral  paint.     The  jxtintini 
all  dune  by  machinei-y,  which  is  much  better  than  with  the 
hand  brush,  as  it  insures  an  even  coating.    The  sheathing 
the  different  sides  is  also  formed  of  these  corrugatwl  sh 

Between    the   upright    jjosts.    3-inch  X  4-ini:h    horiKonta' 
bracing  timliers  arc  placed,  which  are  used  as  nailers.  Tt 
arc  spaced  so  as  to  suit  the  lengths  of  the  sheets. 


tlic    „ 


2907.  Tlie  Cro«H-Scctlon.— Fig.  1048  shfyvn 
cross-section.  Since  must  nf  the  main  features  have  been 
previously  described,  only  those  which  are  more  clearly 
shown  hy  this  view  will  he  mentioned  here.  The  student 
should  constantly  refer  to  this  view  when  reading  tlic 
description  of  the  side  eli;valion. 

From  this  cress-section  it  can  be  better  understood 
the  hirge  chippers  are  taken  off  the  platform  y,.  and  throvrn 
to  iliL-  rhipping  plaiforms  y,,  where  they  are  chipped.      The 

-marked   u,,  and   n^^  represent   the  chutes 

leading  from  the  chipping  platforms^,  and  the  openings  in 
the  main  platform  ^„  to  the  main  rolls  C,  where  the  pure 
coal  is  thrown  after  the  slate  has  been  separated,  the  rock 
and  slate  being  deposited  in  the  rock  chute. 

The  circular  rings  composing  tiyures  /,  /,,  and  /,  are  the 
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projections  of  the  circular  screen  rinpfs  thai  go  to  make  up 
the  ihrcc  mud  screens  /,  /,,  and  /,.  ^ 

t*  shows  a  side  view  of  llip  main  mils  with  the  belt  pMllt-y 
d^,  which  H  in  line  with  the  belt  pulley  </,  keyed  to  the  shaft 
of  the  breaker  engine. 

In  thi!?  view  the  liiic marked  r.-ihnws  the  roller 

hopper  lhr<at;;h  which  the  coal  is  curried  awuy  from  under 
the  main  rolls  C. 

The  line marked  f„  which  branches  out  from 

r^,  shows  the  hoppers  leading  from  the  roller  hopper  r,  to 
the  steamboat  screens  «„  and  tf„.  These  screens  are  shown 
in  this  view  by  the  number  nf  rirmlar  rings  wbirli  arc  the 
projections  of  the  circular  screen  rings  that  make  up  the 
screens. 

2908.  This  cross-section  will  explain  how  the  hopper  jt, 
for  the  mud  screens /,  (',,  and /,  i^omlucts  the  particles  that 
drop  through  the  meshes  of  these  screens  to  the  chutes  X, 
and  X,,  Fif.  1047.  These  chutes  carry  the  coal  until  they 
meet  the  chutcK  A„  and  h^^,  which  are  at  right  angles  to  the 
chutes  J,  and  :r,.  The  chute  b^^  carries  the  coarse  coal  into 
the  wet  egg-coal  screens  i&„  and  d„  on  the  wet  side,  while 
the  chute  ^„  carries  the  fine  coal  coming  from  the  hack  end 
of  the  mud  screens  /,  /,.  and  /,  to  the  hopper  /„  tmder  the 
egg-coal  screens  ^„  and  ^,„  through  which  it  reaches  the 
pwa-coal  screens  )\  and  )\  on  the  wet  side. 

The  hopper />,„  under  the  steamboat  st-reen^,,,  catches  the 
coal  dropping  through  the  meshes  of  this  screen,  and  con- 
ducts it  to  the  wet  cgg-eoal  screens,  while  the  hopper  *„, 
under  the  steamboat  screen  ft,,,  catches  the  cuat  dropping 
through  the  meshes  of  this  screen,  and  conducts  it  into  the 
dry  egg-coal  screens. 

2(M)9.  In  this  view  the  arrangement  of  the  driving 
pulleys  for  the  steamboat  screens  /?,,  and  <i,,  can  be  seen  to 
a  better  advantage.  The  pulleys  rt,  and  <?,  arc  keyed  to  the 
main  line  shaft  K.  The  circles  /r,  and  rt,  represent  the  rope 
pulIevM^'hich  are  keyed  to  the  same  shaft  as  the  pinions  <i, 
and  a,.     These  pinions  mesh  with  the  screen  gears  a,  and  tf„ 
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of  the  steamboat  screens  tf,,  and  <i„.     The  deflecting  pul- 
U-ys  (i^  and  A,  arc  used  to  change  the  direction  of  the  di|H 
ving  ropes  which  run  over  the  rope  pulleys  a„  rt,,  <»,.  and  a^^ 

This  view  also  shows  ho«-  Uie  gearing  for  the  main  eleva- 
tor «^  is  arranged.  The  small  pinion  which  gears  with  tht 
large  sjiur-whecl  is  keyed  to  the  same  shaft  as  the  large 
nipc  pulley  A,,  which  is  in  line  with  the  driving-rope  pulley  A 
keyed  to  the  shaft  of  the  breaker  engine.  These  clevatol! 
discharge  their  contents  into  a  chute  that  conducts  them 
the  steam  boat -screen  hopper  b,„  through  which  they  rea 
the  dry  egg-coal  screens  *„  and  b^^. 


I 
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2010.  The  side  view  of  the  dry  egg-coal  screen  d„  is 
shown  in  this  crnss-scction.  On  the  plan  another  dry  egg* 
coal  screen  <*„  is  shown,  which  is  parallel  to  *,„  and  of  the 
same  dimensions.  These  screens  are  two  of  the  main 
screens  in  the  breaker,  and  are  partly  double-jacketed. 
They  are  driven,  as  shown,  by  the  small  pinion  *,  underthe 
screen,  which  meshes  with  the  gear  of  ihe  screen  i„,  which 
in  turn  meshes  with  the  screen  gear  \,  of  screen  ^„.  The 
pinion  A  is  keyed  to  the  same  shaft  as  the  belt  pulley  6^. 
which  is  in  line  with  the  bell  pulley  ^,  keyed  to  the  main 
line  shaft  /'.  ^1 

These  screens  are  supported  at  the  back  end  by  hangeff^^ 
and  at  the  front  end  by  boxes,  which  rest  on  the  cap  .'ihown 
in  the  figiirc.  ^M 

The  coal  that  reaches  this  dry  egg-coal  screen  iscompara^^ 
lively  dry,  as  it  is  the  coal  which  is  cracked  up  by  the  dif- 
ferent roUs  in  iise  in  the  breaker,  and  that  coming  from 
lip  screens  under  the  breaker. 

It  must  be  remembered  that  the  coal  that  drops  throuj 
the  main  screening  bars  dnes  not  reach  this  dry  side — ont 
that  part  coming  from  the  lip  screens  under  the  brcakei 
That  whichdrops  through  the  meshes  of  the  owtsidc  jack< 
of  these  screens  is  everything  below  the  size  of  chcstni 
and  is  conducted  by  the  hopper  r.to  the  dry  pea-coal  screef 
/,  andy,.     The  coal  coming  out  of  the  ends  of  the  outside 
jackets  is  chestnut.     The  coal  dropping  through  the  meshes 
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of  the  single-jacketed  portions  of  these  screens  is  stove  coal, 
while  that  coming  out  of  the  ends  of  the  screens  is  egg  coal. 

2911.  The  chestnut  coal  and  stove  coal  coming  from 
these  egg-coal  screens  pass  into  the  cast-iron  slate-picker 
screens  d,  and  (/„  shown  in  this  figure  by  circular  rings, 
which  are  projections  of  the  circular  screen  rings  to  which 
the  slate-picker  segments  are  bolted. 

The  stove  coal  coming  out  of  the  end  of  the  slate-picker 
screen  rf,  passes  into  the  picking  chute  H.  This  chute  H 
consists  of  the  two  supply  chutes  c,  and  c„  which  receive  the 
coal,  slate,  and  bone,  the  intermediate  chutes  f,  and  f„ 
where  the  picking  is  done,  and  the  delivery  chute  f„  which 
carries  off  the  coal  that  has  been  picked  over. 

The  coal  coming  from  the  screen,  as  shown  by  the  arrows, 
slides  down  the  supply  chutes  c^  and  c^,  on  one  side  of  each 
of  which  the  intermediate  chutes  r,  and  c,  are  placed  as  close 
to  each  other  as  possible,  there  being  room  enough  f ,,  between 
each  two  picking  chutes  for  a  man  or  boy.  The  delivery 
chute  c^  is  placed  so  as  to  receive  the  coal  coming  from  the  in- 
termediate chutes  c^  and  c^.  The  supply  and  delivery  chutes 
have  the  same  inclination,  but  the  former  is  a  little  the 
higher,  so  as  to  give  a  slight  inclination  to  the  intermediate 
chutes,  the  axis  of  which  is  placed  at  an  angle  of  about  8  to 
10  degrees  with  the  horizontal,  and  25  to  28  degrees  with 
the  supply  chute. 

2912.  The  intermediate  chutes  in  many  cases  are  spe- 
cially dosigned  cast-iron  chutes,  or  can,  as  shown  here,  be 
built  of  plank  and  sheet  iron.  The  slate  picker,  who  sits 
with  his  face  towards  the  upper  end  of  the  chute,  allows  a 
thin  stream  of  coal  to  pass  in  front  of  him,  cleaning  it 
thoroughly  as  it  passes. 

The  same  coal  is  handled  by  one  man  only,  with  this  ex- 
ception, that  one  man  is  placed  at  the  end  r,|  of  the  delivery 
chute  to  inspect  the  coal  and  take  out  any  pieces  of  slate  or 
bone  which  may  have  escaped  the  regular  pickers.  On  each 
side  of  the  chute  //  are  the  slate  chutes  c„  and  r^^,  into  which 
the  slate  pickers  throw  the  slate.     These  continue  to  tht 
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bottom,  where  the  slate  is  examined,  to  see  whether  it  c< 
tain&  any  coal  or  bone,  before  it  passes  into  the  chutes  t^^ 
ami  f,„  wliich  lend  t'l  the  w:iRte  pocket  IC,  Fig.  lf>47. 

Immediately  <»ver  the  slate  chutes,  antl  supported  cm  iron 
rods,  arc  haU  round  chutes  (not  shown  in  the  figure),  into 
which  the  slate  pickers  throw  the  bony  coal  and  ihc  piece* 
that  are  made  up  of  part  slate  and  iwrt  coal.  These  als^_ 
continue  to  the  bottom,  where  they  arc  examined,  the  puZ^| 
c«>al  and  slate  being  separated  therefrom  before  they  art 
takeu  to  the  bony-roal  rolls  to  bo  broken. 


291^     The  chestnut  coal  coming  from  the  slale-picker 

screen  ti,  is  conducted  by  the  rectangular  cross-sectioned^ 


% 


chute  </„  to  the  telegraph  u\,  by  which  it  \9>  conducted  to  t 
pocket  L,  with''ut  being  picked  by  iiond.  as  the  greater 
quantity  of  the  slate  has  been  removed  by  the  state- 
screen  //,. 

The  egg  coal  coming  out  of  the  end  of  the  egg-coal  screens 
passes  down  the  chute  r/,,  until  it  reaches  the  egg-coal  pick- 
ing chute  (/,,,  a  part  of  which  is  cut  off  in  urtlcr  to  show  tlic 
pca-cnal  screens/,  and  /,. 

The  egg-coal  picking  chute  and  ihc  slate  and  bony-co; 
chutes  arc  arranged  simifariy  to  the  stove-coal  chute  a: 
the  slale  and  bony  coal  chutes  just  described. 

The  material  which  slides  down  the  hopper  f„  under  the 
egg-coal  screens,  passes  into  the  dry  pea-coal  scrcensy^  and 
/,.  The  pea  screen  _/",  is  arranged,  as  shown  (n  the  plan, 
parallel  to  the  screen  _/"..  which  is  shown  in  this  view.  Both 
screens  are  of  the  same  dimensions,  and  are  driven  by  the 
small  pinion  /^,  which  mesh(«i  with  the  screen  gear  y",  of 
screen/,,  which  in  turn  meshes  with  the  screen  irear  /.  ot 
the  screen/,.  The  pinion  /^  is  keyed  to  the  same  shaft  ^^k 
llie  bell  ]nilley /,  which  is  in  line  with  the  belt  pulley /^^ 
keyed  to  the  main  line  shaft  f".  These  arc  dcniblc-jacJtetcd 
screens.  The  coal  coming  oulnf  the  end  of  the  inside  jacket 
is  pea  coal,  thftt  coming  out  o(  the  end  of  the  outside  jacket 
is  buckwheat,  and  that  dropping  through  the  meshes  of  the 
outside  jacket  into  the  hopper  e^  is  everything  below  buck- 
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wheat.  The  screens  are  supported  at  the  back  end  by 
hangers,  and  the  journals  at  the  front  end  rest  in  boxes, 
supported  by  the  cap  t\. 

The  pea  coal  coming  out  the  end  of  the  inside  jackets 
passes  down  the  chute  c,,  to  the  telegraph,  which  conducts 
it  to  the  pea-coal  pocket  K. 

The  buckwheat  coal  coming  out  the  end  of  the  outside 
lAckets  passes  down  the  chute  t\^  to  the  telegraph,  which 
conducts  it  to  the  buckwheal-coal  pockety. 

The  coal  that  passes  through  the  meshes  of  the  outside 
jackets  into  the  hopper  r,  passes  into  the  dry  rice-coal  screen 
€,,  which  is  shown  in  this  cross-section  by  a  number  of  cir- 
cular rings,  which  are  the  projections  of  the  circular  screen 
rings  to  which  the  segments  are  bolted.  This  screen  is 
driven,  as  shown,  by  the  small  pinion  f„  which  meshes  with 
the  screen  gear  i\.  The  rope  pulley  c,  is  keyed  to  the  same 
shaft  that  the  small  pinion  (\  is  keyed  to,  and  is  driven  by 
the  rope  pulley  r„  which  is  keyed  to  the  main  line  shaft  V. 
The  deflecting  pulleys  r,  are  used  to  change  the  direction  of 
the  rope  that  runs  over  the  driving  pulleys  r,  and  e^.  This 
is  a  single-jacketed  screen;  the  coal  coming  out  of  the  end 
is  rice  coal,  the  smallest  size  prepared.  It  passes  down  the 
chute  *■„  to  the  telegraph  w,,  which  conducts  it  to  the  rice- 
coal  pocket  /.  That  which  goes  through  the  meshes  is  culm; 
it  passes  out  into  the  waste  pocket  W,  I'ig.  10-17. 

Part  of  the  coal  that  drops  through  the  meshes  of  the 
three  mud  screens  /,  /,,  and  /„  also  that  which  drops  through 
the  meshes  of  the  steamboat  screen  <?,,,  passes  into  the  wet 
egg-coal  screens  (^,,  and  *,,,  which  are  the  other  two  main 
screens  of  this  breaker,  a  side  view  of  them  being  shown  in 
the  cross-section. 

The  screen  i,,  is  arranged  parallel  to  b^,,  and  is  of  the 
same  dimensions.  It  is  driven  by  the  small  pinion  b^,  which 
meshes  with  the  screen  gear  b,  of  screen  A,,;  ^,,  meshes  in 
turn  with  the  screen  gear  b^  of  the  screen  ^„.  The  small 
pinion  b^  is  keyed  to  the  same  shaft  that  the  belt  pulley  b^  is 
keyed  to,  and  which  is  in  line  with  belt  pulley  1  keyed  to 
the  main  line  shaft  V. 
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The  wel  egg  screens  ft,,  and  A„  are  Ixith  partly  tlotj 
jackctw!  stTcctis.  The  coal  that  comes  out  of  thu  end  u( 
oiiUidc  jacket  is  chestnut ;  that  which  drops  through  ihc 
meshes  of  the  nutsicic  iacktit  into  the  hopper  /",,  under  ibc 
cKg-i-'-jal  screens,  is  everything  below  the  si«c  of  chestnut; 
that  which  drops  throuKh  the  meshes  of  the  stnglc-jacfceteil 
portions  of  the  screen)^  is  stove  coal,  and  that  coming  out  of 
the  end  of  the  screens  is  egg  coal. 

The  back  ends  of  these  screens  arc  supported  by  hangers, 
and  the  journals  at  the  front  end  rest  in  bc^xes,  which  arc 
supported  by  one  of  the  cross-beams.  Directly  alM>vc  ihe 
screens  water  troughs  arc  arranged,  simitar  in  conslr 
lion  and  arrangement  to  those  above  the  mud  screens  /, 
and  /,. 

The  coal  coming  out  of  the  ends  of  the  outside  jack 
and  that  dropping  through  the  singlc-jackctcd  portions 
the  screens,  is  conducted  by  the  hoppers/",,  and/",,  to  the  I 
»]ale-pickcr  screens  ^^  and  ^,.  The  back  ends  of  th 
screens  are  shown  by  the  circular  rings,  which  are  the  p 
jections  of  the  circular  screen  rings  to  which  the  slal 
pickers  are  fastened. 

As  shown,  these  screens  arc  driven  by  bevel-gearing  at 
front  end  of  the  screens;  the  small  bevel -gear  wheels^,  art) 
y,  arc  keyed  to  the  same  shaft  as  the  belt  pulley  ^.,  which  a 
in  line  with  the  belt  pulley  tj,  keyed  to  the  main  line  shaft  V^ 
and  shown  back  of  the  egg-ciKil  screen  by  the  dotted  lines. 

The  chestnut  coal  coming  out  'jf  the  end  of  the  stale- 
picker  screen  ^,  is  conducted  to  the  chesiimi-coid  jigs  />,  /,. 
and  />,.  and  the  stove  coal  coming  out  of  the  end  of  the  slatc- 
pirkcr  screen  ?,  is  ci«uUicted  to  the  stove-coal  jigs  /  and  /,- 
This  view  docs  not  show  the  rliute  that  conducts  the  fial 
slate  and  coal  dropping  ovit  through  the  openings  in  th 
slftie-picker  screens  and  that  coming  from  the  slate  screei 
dj  and  r/,  to  (he  No,  5  slate-picker  rolls  (>'. 

The  coal  that  drops  into  the  hopper  y,  from  the  cgg.coaI 
screens  and  that  coming  dnwn  the  thiile  ft,,  from  the  back 
end  of  the  counter  mud  screens  are  run  into  the  wet  pea- 
coal  screens  j-,  and  ^,. 
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The  pea-coal  screen  r,  is  of  the  Hamc  tlimensinns  as  the 
pea-coal  screen /j,  llie  side  elevation  of  which  is  shown  in 
this  view,  and  arranged  parallel  to  it.  The  screen  ^^  is 
driven  by  the  small  jiinton  j',  on  the  top  of  the  scrcon;  tills 
pinion  meshes  with  the  ^car  _><,  uf  the  screen  /„  which  in 
turn  meshes  with  the  screen  gear  }\  of  the  screen  ^,. 

The  small  pinion  j-,  is  keyed  to  the  same  shaft  as  the  bell 
pulley  J*,,  which  is  in  line  with  Uhe  belt  pulley  _>•  keyed  to 
the  main  line  shaft  K 

The  two  wet  pea-coal  sereens^,  and  /,  are  doable-jacketed 
screens.  The  coal  coming  out  the  end  of  the  insiOe 
jackets  in  pea  coal,  thai  coming  out  the  end  of  the  out- 
side jackets  is  buckwheat,  and  that  dropping  ihrouRh  the 
meshes  of  the  outside  jackets  into  the  hopper  _/"„  is  every- 
thing below  buckwheat. 

The  pea  coal  coming  out  the  end  of  the  screens  is  carried 
by  the  chute  y„  to  the  ]tea-c<>al  jig  u\,  and  the  buckwheat 
coming  out  of  the  end  of  the  screens  is  carried  by  the  chute 
y„  to  the  buckwheat  jig  ic. 

Directly  above  these  screens  are  troughs,  arranged  so  that 
they  can  receive  a  sufficient  quantity  of  water  to  thoroughly 
clean  the  coal.  What  passes  down  the  hopper  /„  under  the 
pca-coal  screens  j\  and  }\  pnsses  into  the  rice-coal  screen  x,. 

The  chutes  ^,  and  g^,  in  front  of  the  rice-coal  screen, 
catch  the  co»l  as  it  comes  out  of  the  end  of  the  screen  and 
conduct  it  to  the  chute  a',,  which  carries  it  to  the  telegraph 
w„  which  conducts  it  to  the  rice-coal  pocket  /. 

2I>1 4.  In  this  view,  >»,  j»„  and  /,  show  the  front  view  of  the 
chcstnui-coal  jigs.  They  may  be  divided  into  two  parts, 
the  upper  being  the  machinery  for  moving  the  pistons  r,-r„ 
and  the  lower,  y>-/*,.  the  jigs  proper. 

In  constructing  them,  a  water-tight  tank  is  bnill  that  is 
divided  by  partitions  which  need  he  only  approximately 
water-tight,  as  there  is  water  on  both  sides  of  them.  A 
detail  of  the  gi*neral  construction  of  thrsy  jigs  i«  shown  in 
Kig.  1032,  with  the  one  exception  of  the  driving  gear  for 
the  pistons.     Here  the  pistons  r^-r^  arc  operated  by  cams 


rttb 

1 


IM  SURFACE  ARRANOEMRNTS  m_ 

keyed  to  the  line  tihaft  oF  the  jigs,  driven  by  t))e  pulley : 
krycd  to  the  !«amc  shaft,  whirh  is  in  line  with  nnd  driven 
by  a  pulley  keyed  to  the  main  line  shaft  I'. 

Krom  this  view  the  arrangement  of  the  drag-lines /,  ran 
be  ftccn  ;  ihcy  run  over  the  sprocket-wheels  which  arc  drives 
by  the  gears  (>,  and  the  rope  pulley  o„  which  is  in  line  with 
and  driven  by    the  rope  pulley  o  keyed  to  the   main  lin 
shaft  /''. 

The  jigs  /  and  /,  are  used  for  stove  coal;  s^  and  j,  she 
the  pistons  for  these  jigs,  which  are  driven  by  the  pulley  J,, 
in  line  with  the  belt  pulley  keyed  to  the  main  line  shaft  ('. 
The  drag-lines  /,  for  these  jigs  arc  driven  by  the  gears  u, 
and  the  ropt  pulley  w,,  which  is  in  line  with  the  pulley  ti 
keyed  In  the  main  linn  shaft  K  The  deflecting  rope  pulleys 
«j  show  the  position  uf  the  pulley  that  is  used  to  guide  tin' 
rope  that  runs  over  the  pullcyri  it  and  (/,.  above  the  P<^h 
screens  }\  and  y,.  ^| 

The  ji)r^  iv  and  U\  are  for  buckwheat  and  pea  coal,  and  '; 
and  I',  show  the  pistons  for  these  jigs,  which  arc  driven  by 
the  pulley  !',,  in  line  with  the  driving  pulley  1/ on  the  main 
line  shaft  F.     The  drag-lines  /,anfl  /,are  for  the  buckwheat 
and  pea  coal  jigs,  respectively.     These  drags  are  driven  bv_| 
the  gearing  2,.  the  small  pinion  of  wliict)  h  keyed   to  tbsH 
same  shaft  as  the  mpe  pulley  ;,,  whiih  is  in  line  with  and 
driven  by  the  rope  pulley  s  keyed  to  the  main  line  shaft  f 
of  the  breaker.     The  deflecting  rope  pulleys  j:„  which  are 
shown  here  in  relation  tn  the  driving  pulleys  s  and  s,,  arc 
used  to  keep  the  driving  rope  away  from  the  side  of  the  ricc-^ 
coal  screen  jt^.  H 

The  stnve.  pea,  and  Inickwhcat  coal  jigs  are  similar  in  con- 
struction and   arrangement  to  the  chestnut-coal  jigs,  th^_ 
details  of  which  are  shown  in  Fig.  1032.  ^M 

291  5.     For  this  wet  side  the  picking  chutes  for  the  coal 
as  it  cuines  from  the  screens  and  different  drag-lines  arc  not 
showUj  but  are  the  same  in  fonstruction   and  arrangement— 
as  those  used  on  the  dry  side.  ^H 

In  this  crnss-section,  zw,  shows  the  level  of  the  floor  in  the 
main  picking  room. 
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The  coal  that  conies  out  of  the  end  of  the  three  counter 
mud  screens  /,  /,,  and  /,  is  led  by  chutes,  which  are  repre- 
sented in  this  view  by  the  lines and  marked  A„  /;„ 

and  h^.  These  chutes  convey  the  coal  into  the  main  picking 
chute  r  {marked  r,,  in  Fig.  1047),  where  it  is  picked  by  hand 
and  then  passed  into  the  chute  /;,,  which  conducts  it  to  the 
No.  2,  or  monkey  rolls  D,  a  side  view  of  which  is  shown  in 
this  cross -section. 

2916.  This  view  shows  the  position  of  the  rolls  D,  the 
driving  pulley  «,,  and  the  gearing.  The  pulley  n^  is  in  line 
with  the  driving  pulley  «  keyed  to  the  main  line  shaft  V. 

The  coal,  upon  leaving  the  monkey  rolls  D,  passes  into 
the  broken-coalscreen  k,  which  is  shown  in  this  cross-section 
by  a  number  of  circular  rings,  which  are  the  projections  of 
the  circular  screen  rings  to  which  the  segments  are  bolted. 
This  view  shows  the  miter  gear  j  and  the  rope  pulley  /'„ 
which  is  in  line  with  the  rope  pulley  i  keyed  to  the  shaft  of 
the  breaker  engine,  all  of  which  are  used  in  driving  the 
broken-coal  screen  k.  From  this  view  it  can  be  better 
understood  how  the  broken  coal,  as  it  comes  from  the  end  of 
the  broken-coal  screen,  slides  down  the  chutes  leading  to  the 
broken-coal  drag-line  ^j,  or  to  the  No.  3  rolls  E.  . 

This  cross-section  shows  the  side  view  of  the  No.  3  or 
broken-coal  rolls  R,  together  with  the  belt  pulley  <■,,  which  is 
in  line  with  the  pulley  e  keyed  to  the  shaft  of  the  breaker 
engine. 

The  broken-coal  drag-line  g^,  which  conveys  the  coal  com- 
ing from  the  broken-coal  screen  k,  is  driven  by  the  gearing 
g^,  which  is  in  turn  driven  by  the  pulley  g^ ;  g^  is  in  line  with 
the  belt  pulley  g^  keyed  to  the  shaft  that  drives  the  broken- 
coal  screen. 

The  coal,  upon  leaving  the  drag  chute  //„  through  which 
it  is  conveyed,  passes  into  a  chute  A,,  represented  by  the 

line and  marked  /:,,   from  which  it  is  picked 

before  it  passes  into  the  broken-coal  loading  pocket  O. 

The  rolls  F  show  the  side  view  of  the  No.  -I  rolls,  known 
as  the  bony-coal  rolls.     They  are  driven  by  the  rope  pulley 
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/„  which  is  in  line  wilh  the  rope  pulley /kvycd  to  the  sh 
of  the  breaker  eojjinc. 

The  rolls  G  show  the  side  view  of  the  No.  5  rolls,  knium' 
as  the  slate>pickcr  nilk.  They  are  driven  by  the  rope  pulley 
g^,  which  Is  in  line  with  the  rope  pulley  g  keyed  to  the  shaft 
of  the  hreaker  engine. 

As  shown,  both  the  No.  4  and  No.  5  rolls  arc  on  the  sai 
level,  and  the  coal  coming  from  them  is  led  by  the  one  h 
ppr  to  the  main  elevator  w,.     The  hopper  is  shown  here  by 
the  line marke«I  «.. 


% 
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2917.     In  this  crnss-scction  is  shown  the  cnrl   view 
the   himp-roal    screenings   elevator   (/,,.       The    gearing  */„ 
consists  of  the  ftmall  pinion  gearing  into  the   spur>wliccl 
keyed  to  the  same  shaft  as  the  sprocket-wheels  over  which 
the  elevator-buokets  run.     This  elevator  is  driven  by  th^ 
pulley  (/„.  which  is  in  line  with  the  pulley  rf  keyed  to  tt 
shaft  </,,  that  drives  ihc  dry  slate-piclccr  screens.      As  hi 
already  Ijccii  stated,  the  coa\  is  conveyed  to  these  elevate 
by  a  small  dtimp-car  running  between  the  lump-coal  chute 
and  the  elevator. 

A  side   view  of  the  main  lip-sereenings  elevators   jf,, 
shown  in  this  cross-section.     This  elevator,  as  well  as  the 
lump-coal  screenings  and  main  elevators,  is  of  the  link  as^H 
bar  type.  ^H 

At  the  bottom  of  the  breaker  a  portion  of  the  continuous 
wall  /Jis  removed,  so  as  to  show  the  location  of  the  liotlom 
elevator  wheels.  These  wheel."*  are  located  below  the  load- 
ing tracks,  so  that  condemned  coal  can  he  unloaded  frc 
the  railroad-car,  run  intu  the  elevator  K\^,  and  hoisted  ial 
the  breaker  to  be  re-prepared. 

The  small  pinion  i\,  the  spur-wheel  it,,  and  the  driving 
pulley  fc,,  all  of  which  are  used  in  the  driving-gear  of  this 
elevator,  are  shown  in  this  view.  They  are  driven  by  the 
rope  pulley  /•,,  which  is  keyed  to  the  driring-shaft  of  the 
wet  egg-coal  screens,  the  rleflecting  pulleys  /■,  being  used  tu 
change  the  direction  of  the  driving  rope  running  over  the 
puticys  l^,  and  k^.     The  lip-screenings  s«parator  /•,  is  shown 
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in  this  cro8S-section  by  two  sets  of  circular  rinjjs,  which  are 
the  projections  of  the  circular  screen  rings  to  which  the  seg- 
ments are  bolted.  The  small  pinion  i',  meshes  with  the 
screen  gear  <6,,  atid  h  hiOclcn  by  the  pinion  /•,.  which  is  nf 
"Hke  same  dimensions  an<]  keyed  to  the  same  shaft.  The 
chutes _j-,  and,?',  conduct  the  buckwheat  and  pea  coal  away 
from  the  lip-screenings  separator  i\. 


201  H.  In  this  cross-section,  a  shows  an  end  view  of  the 
breaker  engine,  while  i  shows  the  front  view  of  the  fly- 
wheel keyed  lo  the  bl'eaker-engine  shaft,  and  c  and  f^  show 
the  main  bell  pulleys  keyed  to  the  breaker-engine  shaft. 
The»e  pulleys  arc  in  line  with  the  belt  putleysr,  and  r,  keyed 
to  the  main  line  shaft  I'. 

The  steamboat  and  broken  c(»u!  coming  from  ihe  steam- 
boat screens  rt,,  and  «,,  is  run  into  the  picking  chutes  r,  and 


These  chutes  are  represented  in  this  view 

and  marked  r,  and  /■,,. 

from   screen  a,,  after  it 


r,,,  and  picked. 

by  the  line 

The  steamboat -coal  coinnif;  lrt>ni  screen  tr,,  alter  it  is 
picked  passes  into  the  chute  A„,  which  conducts  it  to  the 
steamboat  loading  pocket  P. 

The  chute  //,,  conducts  the  picked  steamboat-coal  coming 
from  screen  o,,  into  the-  chute  A,,.  The  broken  coal  c<»ining 
from  the  steamboat  screen  «,,,  after  it  has  been  picked  in  r,,, 
{xisses  into  the  chute  //„,  which  conducts  it  to  the  chute  A,, 
where  it  is  re-picked  before  entering  the  broken -coal  loading 
pocket  O.  The  hroken  coal  that  is  picked  in  chute  f,„  com- 
ing from  screen  fl,  „  passes  into  the  chute  //„,  which  conducts 
it  to  chute  A„. 

In  case  there  is  u  limited  sale  or  no  sale  at  ail  for  stcam< 
boat  and  broken  coal,  the  chute  A,,  is  so  arranged  that  by 
sliding  a  plate  in  the  bottom  of  the  chute  //,,,  the  steamtioat- 
coal  coming  from  the  two  steamboat  screens  rf,,  and  «,,  will 
pass  down  chute  A,.,  and  from  there  into  the  chute  A^, 
which  leads  to  the  monkey  rolls  A 

For  broken  coal  there  is  a  similar  arrangement  in  the  bot- 
tom of  the  chute  /V,,.  which  allows  the  coal  to  pass  into 
chute  k^  through  which  it  reaches  the  monkey  rolls  D. 
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2910>  Tlic  pockctii  (or  the  |irci>arc(I  sizes  are  sixteea  to 
niiinber,  nil  uf  which  ate  shown  in  this  view,  /ivhuwithe 
loading  p'jckcis  for  rice  coal.y  for  buckwheat  coal.  A'  i--: 
pea  ctaH,  L  ivn  chestnut  coal,  M  U\t  stove  coal,  ^V  fur  egg 
coal,  O  for  broken  f»)al,  and  7' for  stea  in  boat-coal. 

In  the  pocket  L  for  ehcstiiiit  coal,  on  tin:  dry  side,  i» 
shown  the  arranuemeniof  the  telegraph  %u,.  whifh  is  located 
in  the  cenlcr  of  the  pocket.  All  the  othirr  telegraphs  in 
Iht  pockets  are  arranged  in  ihc  siamc  way.  The  floors  of 
the  pockeitt  are  lined  with  bjreh  Iwjards.f,.  The  divuiorii  i, 
between  the  iKK-kcls  are  double^boarded. 

In  this  view  one  of  the  loading  gates  4  is  shown  open, 
allowing  the  chestnut  coat  to  pass  over  the  lip  wrcen  i,. 
The  gate  <  works  in  cast-iron  slides. 

The  fine  coal  Uiat  drops  through  the  lip  screen  /,  is  taken 
up  by  the  drrijf-linc  k^,  which  runs  over  the  Hprockut-wbcdt 
jf„  and  ^„.  The  drag-line  ifr„  rimntng  over  the  sprocket- 
wheeU  if",,  and  ^„  conveys  the  lip  screenings  from  the  weJ 
side.  Both  of  these  drag-lines  arc  driven  by  the  pulley  if,, 
keyed  lothe  tip-screenings  elevator  driving-shaft,  which  it 
in  line  with  the  ro]}c  pulley  ^,,  keyed  to  the  same  shaft  as 
the  gear-wheel  -fr,,,  which  gear*  with  the  wheels/-,,  and  j(-,^ 
and  they  in  turn  drive  the  bevei-gears  jfr„  nnd  .t,„  which  oper-fl 
ate  the  drag-lines  /*„  and  k^, 

Oireclly  above  the  Up  screens,  on  both  the  wet  and  the 
dry  sides,  a  trough  or  pipe  is  arranged,  so  that  the  coal  can 
be  washed  as  it  is  being  loaded  into  the  car  fur  shipment. 

In  this  view  all  the  roofs  that  would  interfere  with  tlic 
view  of  the  machinery  have  been  removed.  Q  shows  the 
rm»f  over  a  porllon  of  the  rock  and  lump  coal  chute.  Aaod 
5  are  roofs  thai  cover  a  portion  of  the  breaker  proper,  and 
can  be  better  understood  by  examining  the  side  view  of  the 
breaker  in  connection  with  this  cross-section.  ^ 

2920.  I^lichtinK  tliti  Breaker. — N'o  attempt  has  bceo 
made  to  show  how  ilie  breakt-r  is  lighted.  This  is  one  of 
the  most  important  items  in  the  construction  of  a  breaker. 
The  main  point  in  the  interior  arrangement  is  to  have  at 
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much  available  space  as  possible,  with  an  abundance  of  li^ht, 
especially  in  the  slalc- picking  rooms,  in  order  lo  economi- 
cally and  carcfiiliy  prepare  coal  for  the  market. 

It  has  been  found  by  experience  tliat  cramped-up  breakers 
are  a  source  of  great  annoyance  and  expense  in  th«  proper 
preparation  of  coal. 

There  are  different  ways  of  arranging  windoiv-sa»Ucs. 
Those  sliding  horizontally  will  be  found  very  convenient,  aa 
they  can  be  most  readily  opened  <Iufing  the  summer  months 
for  the  purpose  of  increasing  the  ventilation.  In  the  pick- 
ing rooms  the  windows  are  generally  placet!  from  II  to  0  feet 
above  the  floor  level,  so  that  llie  attention  of  the  slate  pickers 
will  not  be  drawn  from  their  work  by  any  t)utside  attraction. 

The  platform  is  another  pari  of  the  breaker  that  should 
be  well  lighted  and  ventilated.  The  parts  of  the  breaker 
that  present  any  danger  to  the  parties  in  charge  of  the 
machinery  shoulfl  he  well  lighted.  To  still  further  guard 
against  accidt^nts,  hand-railings  should  be  place<l  along  the 
skies  of  the  diflferenl  walks  in  the  breaker.  • 

2V*2I.  Hcntlnic. — In  the  plans  of  this  breaker  no 
method  has  been  shown  as  to  how  the  breaker  is  heated, 
Usually,  during  the  winter  months  breakers  are  heated  either 
by  steam  or  by  a  number  of  large  cast-iron  stoves.  The 
latter  method  of  heating  is  in  many  cases  very  unsafe,  and 
to  guard  as  much  as  possible  against  fire,  it  is  being  replaced 
by  steam  heat.  Where  steam  is  used,  coils  of  gas-pipe  arc 
connected  with  one  or  two  old  cylindrical  boilers,  the  steam 
being  obtained  from  the  different  exhaitst-pipcsof  the  engines 
about  the  colliery.  In  case  it  is  necessary,  a  connection,  in 
addition  to  the  above,  is  made  direct  with  the  slcam-boilcra. 

2922.  Ventilation.— In  breakers  where  the  coal  is 
prepared  dry  there  arc  large  quantities  of  dust,  and  in  many 
places  the  dust  is  t;o  thick  tliat  it  is  almost  impossible  for 
the  slate  picker  to  distinguish  coal  from  slate.  At  such 
places,  small  exhaust-fans  arc  sometimes  placed,  cither  at  the 
top  or  the  bottom  of  the  breaker,  with  air-pipes  leading  to 
the  different  parts  where  the  dust  is  thickest.     These  fans 
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draw  (.iff  the  dust  from  the  breaker  antl  discharge  h  Jnt?^ 
boxes,  where  it  is  dampened  by  a  jet  of  steam,    or  into  a 
quantity  of  wat«r;  more  frequently,  however,  they  discharge 
it  directly  into  the  ojien  air. 

Another  methnd  nf  getting  rid  of  the  duel  is  by  stacks 
leading  away  fnim  the  <lifferenl  rolls  to  the  o|>cii  air. 

In  many  breakers,  and  especially  in  those  where  water! 
used,  the  only  method  of  ventilating  ist  by  incaas  of  tbe 
windows. 


THE    PHRPAHATIOK    OF   COAL    IK    THB 
KHKAKER. 
2923.     Figs.  lOUJ.  lOl":,  and  HUH  illunrate  thisdescri 
tion.      In  the  jilan.  Fig.  lfM«,  the  line 

indicates  the  course  of  coal  during  pre 

araticm ; 

indicates  the  course  of  the  prepared  coal; 

indicates  the  course  of  l  he  slate  and  refute; 

indicates  the    course  of   the  bony  eoal  to 


4 

be 

I 
1 


broken, 

21^24.  The  mixture  of  coal,  slate,  and  dirt  arrives  at  the 
dnmps  «,  and  a,,  in  mine-cars,  where  it  is  dumped;  the  coal 
first  passes  over  the  main  dump-chute  bars  ",-«,,,  which 
allow  must  of  the  smaller  coal  to  pass  through  intothc  idikI- 
screen  pocket  o^.  Thccoal  that  does  notdrnp  through  these 
bars  passes  on  to  the  next  set  of  bars  «,,,  so  set  as  (o  altow  a 
space  of  5  inchca  between  each  two  of  them,  and  that  which 
drops  through  is  led  to  the  main  crushers  C.  Praetieally  all 
theeoal  smaller  tban  lump  coal  pa»!;eslhrnugh  these  bars,  and 
only  lump  coal  arrives  at  the  plaifonii  y,.  The  lump  coal 
that  arrives  on  tile  platform  j,  is  divided  into  three  sortl^f 
tbe  first  being  the  slate,  which  is  put  into  the  slate  chute  ^„ 
a  divisii>n  in  thi:  himp-coal  chute;  the  second  consists 
of  those  lumps  which  have  been  referred  to  as  chippcrs,  con- 
taining slate  and  eoal.  These  lumps  are  ehippcd  on  the 
platforms^,;  that  is.  the  slate,  which  can  be  easily  detached 
from  them  with  a  pick,  is  sent  to  the  slate  chute  ^„  while 
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the  remaining  coal  is  thrown  into  the  chute  a,,  or  (r,„  Fig. 
lOlB,  leading  to  the  main  crushers  C.  The  third  product 
consists  of  more  or  less  pure  coal;  this  is  examined  by  the 
platform  men,  and  that  known  as  the  rough,  which  is  not 
suitable  for  lump  coal,  is  shoved  into  one  of  the  holes  in  the 
platform  opening  into  the  main  rolls  C,  Such  lumps  as  are 
suitable  for  lump  coal  are  known  as  the  glatmy,  and  are 
pushed  over  the  plates  ^,  to  the  lump-coal  chute  ^„  and 
are  loaded  out  at  y,,  into  the  railroad-cars  for  shipment. 

2925.  All  the  coal  that  has  gone  through  the  main 
dump-chute  bars  y,-^,,  is  accumulated  in  the  mud-screen 
hopper  or  pocket  c,.  From  this  the  coal  is  conveyed  to  the 
three  mud  screens  /,  /,,  and  /„  the  feeding  being  regulated  by 
means  of  gates  at  the  bottom  of  the  pocket  a,.  The  coal  that 
enters  these  three  mud  screens  is  washed  by  means  of  the 
water  that  pours  over  the  sides  of  the  three  troughs  erected 
above  the  screens,  which  have  already  been  explained.  This 
washing  assists  greatly  in  the  separation,  more  especially  in 
that  of  the  smaller  sizes. 

In  the  mud  screens  /,  /„  and  /„  the  first  segments  extract 
all  sizes  below  chestnut  coal,  which  are  conducted  by  the 
chute  J-,.  Fig.  1047.  until  they  reach  the  chute  d,„  Fig.  10+8, 
leading  to  the  hopper  /,,  under  the  egg-coal  screens;  this 
hopper  then  conducts  them  to  the  wet  pea-coal  screens 
y.  and .)'.. 

The  other  two  segments  on  the  mud  screens  /,  /,,  and  /, 
take  out  everything  below  the  size  of  broken  coal,  which  is 
conducted  by  the  chute  s^.  Fig.  11)47,  to  the  chute  ^,„  Fig. 
104S,  through  which  it  reaches  the  wet  egg-coal  screens 
<^..and^„. 

2926.  The  coal  coming  out  of  the  ends  of  these  three 
mud  screens  generally  c<)nsistsof  long,  flat  pieces;  this  coal 
must  first  be  broken  before  it  can  be  put  into  marketable 
shape;  it  is  conducted  by  the  chute  r,,.  Fig.  1047,  and  r, 
Fig.  1048,  to  the  slate-picking  room  r,,,  where  men  and  boys 
alongside  of  the  chute  remove  the  slate.     From  this  room  the 
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coal  pawwR  into  the  chute  A,,  Pig.  1048,  whk-h  condiirts  it 
the  prepared-coal  or  monkey  rolls  D. 

The  c<tal  frnm  the  platform  ^,,  logeiher  with  that  from  the' 
biirs  «„,  which  hasliccn  broken,  piisscs  from  the  rolls  C  into 
the  roller  hopper  r„  which  conducts  it  to  the  chutes  r,  lead- 
inK  to  the  twi)slc.iml)c»at  screens  rf,,  and  *?„.  These  screens 
mjikc  steamhoat  and  broken  coal,  and  are  (loublc-jackctcc!. 
the  stcanit)o»t  coming  out  the  end  of  the  inside  jacket,  and 
tlie  broken  coal  out  the  end  of  the  outride  jacket;  what 
drops  ihnuigh  ilic  nieshc*  of  these  outttidc  jackets  is  ei'ery^^ 
thin^  below  the  size  of  broken  coal.  ^H 

The  stcambiiat  and  broken  coal  coming  out  the  cud  of  th^« 
screens  ij„  and  rt„  is  conducted  by  the  chutes  r,  and  r„  to 
the  slate-picking  room  r„,  where  the  slate  and  bony  coal  air 
removiMl.  The  slate  ^'oes  to  the  w-.^ste  pocket  and  iho  bony 
coal  into  the  chute  r,,.  Fig.  llM"  (or  r.  Fig.  104M),  wliicb 
conveys  it  to  the  monkey  rolls  D.  The  steamboat-coal  that 
is  picked  jjocs  to  the  sleaniboal  pocket  P,  and  the  broken 
coal  goes  tu  the  brokeii-eoal  piK:kel  O,  unles«  there  in  no 
sale  for  the  same,  in  which  case  it  is  conducted  by  the 
chutes  //,,  :m<l  A„  to  the  monkey  rolls  /J,  the  operation 
which  has  already  been  described. 

The  coal  that  drops  through  the  meshes  of  the  outside 
jackets  on  the  stcatnboat  screens  a,,  and  rt,,  is  everything 
bclciw  the  si;tc  of  broken  coal,  a  |)ortion  of  it  going  to  the 
dry  egg-coal  screens  (^„  and  /',.,  and  the  remainder  goinR  to 
the  wet  egg-coal  screens  i,,  andi^,,;  hence,  the  coal  to  he 
prepared  wet  in  this  breaker  is  all  that  coming  from  the 
three  mud  screens  /,  /„  and  /,  and  .i  portion  of  the  coal 
smnllcr  than  broken  that  is  crushed  hv  the  main  rolls  C. 


« 


2927.  All  this  coal,  with  the  cxceptioo  of  that  beluw 
the  sixe  of  chestnut,  from  the  mud  screens  /.  /„  and  /,  passes 
into  the  wet  egg-coal  screens  *,,  and  i*„;  these  screens  make 
*'gg.  stove,  and  chestnut  coaL  The  egg  coming  out  over 
the  fiw\  of  the  screens  runs  directly  to  the  picking  chutes, 
where  the  slate  and  bnnc  arc  removed  by  thcslnte  pickers  in 
the  main  picking  room,  the  tioor  of  which  is  shown  by  w  in 
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Fig.  1047  and  zc^  in  Fig.  1048.  From  the  picking  chutes 
it  goes  direct  to  the  pocket  A^,  from  which  it  is  loaded  out 
over  the  lip  screens  into  the  railroad-cars  for  shipment. 

2928.  The  stove  coal  coming  from  these  egg-coal 
screens  is  conveyed  by  the  hopper  /,,  to  the  slate-picker 
screen  q^,  where  a  large  part  of  the  flat  slate  and  coal  is 
removed.  The  coal  coming  from  the  slate-picker  screen  q^ 
is  conveyed  by  chutes  to  the  stove-coal  jigs  /  and  /„  where 
it  is  washed  and  the  larger  part  of  the  slate  removed ;  from 
these  jigs  the  coal  is  conveyed  by  the  drag-lines  /,  to  the  pick- 
ing chutes,  where  the  very  light  flat  slate  that  has  not  been 
removed,  either  by  the  slate-picker  screen  ()r  jigs,  is  picked 
out  by  the  slate-picker  boys;  they  also  remove  the  bony 
coal  that  would  interfere  with  the  sale  of  the  coal.  The 
coal,  after  it  has  been  picked,  passes  directly  to  the  stove- 
coal  pocket  M. 

2929.  The  chestnut  coal  comes  out  the  end  of  the  out- 
side jacket  of  these  screens,  and  is  conducted  by  the  chute 
/",,  to  the  slate-picker  screen  y„  where  a  large  part  of  the  flat 
slate  and  coal  is  removed.  The  coal  coming  fmm  this  state- 
picker  screen  is  conveyed  to  the  jigs/, ^|,  and/,,  which  are 
known  as  the  chestnut-coal  JIk^-  Here  the  coal  is  washed 
and  the  greater  part  of  the  slate  removed.  The  coal 
from  these  jigs  is  conveyed  by  the  drag-lines  t^  to  a  chute 
which  leads  directly  to  the  chestnut-coal  jxx-ket  L.  That 
which  drops  through  tlie  meshes  of  the  outside  jacket  on 
these  egg-coal  screens  b^^  and  />,,  is  everything  below  the 
size  of  chestnut,  and  is  conveye<l  with  the  same  pn«iuct 
coming  from  the  mud  screens  /,  /,.  and  /,  through  the  hop- 
per _/",  to  the  wet  pea-coal  screens  j\  and  _)'„  which  make 
pea  and  buckwheat  coal.  The  j)ea  coal  coming  out  the  end 
of  the  inside  jackets  of  these  screens  is  conveyed  by  the 
chute  y,,  to  the  pea-coal  jig  li',,  where  it  is  washed  and  the 
greater  part  of  the  slate  removed. 

The  coal  from  this  jig  is  onvcyed  Ijy  the  drag-line  /,  to  a 
chute  which  leads  directly  to  the  pea-coal  iKx;ket  A'. 
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2930.  Thu  buckwheat  coal  coming  out  of  the  end  of 
the  outside  jacket  is  conveyed  by  the  chute  /,^  to  the  buck- 
wheat-c«al  jig  u;  where  it  is  washed  and  the  greater  part  t.f 
the  slate  removed.  The  coal  from  This  jig  is  conveyetl  !ir 
the  drag-line  /,  to  a  chute  which  leads  directly  to  the  biick- 
whcnl-roal  pnckct  _/. 

That  u'hich  drops  through  the  meshes  of  the  outside 
jacket  on  thc&e  screens  is  everything  smaller  than  buck- 
wheat, and  is  conveyed  by  the  hopper  /,,  to  the  rice-coal 
screen  r,  which  makes  ihe  rice  coal.  The  rice  coal  tliat 
comes  out  of  the  end  of  this  screen  is  conveyed  by  the 
chute  ^.  TO  the  rice-coal  pocket  /.  What  drops  through  the 
meshes  in  this  screen  is  culm  or  waste,  and  is  conveyed  by 
the  water  that  is  used  on  the  fcrcen,  through  troughs  (', 
Fig.  1114(5,  to  the  Blush  bank,  where  it  is  deposited. 


1 


2931.  The  large  coal  coming  from  the  front  mil  nf  the 
mud  sLTccns  /,  /,,  and  /,,  together  with  that,  when  there  is 
no  sale  for  steamboat  and  broken,  coming  from  the  ends  of 
the  steamboat  screens /I, J  and  «,„  i?*   all    broken   lip   by  the ^ 
monkey  rolls  /),  and  is  conveyed  by  the  roller  hopper  n*,  lol 
the  broken-coal  screen  I- which  makes  broken  coal.     The 
broken  coat  coming  out  th«  end  nf  the  screen  slides  down  a  J 
chute  leading  to  the  broken-coal  drag-line  i\.  which  conveys^ 
the  coal  to  the  chute  A„  Fig.  104*1,  where  it  is  picked  before 
entering    the    brnken-ioal    pocket    O.     Thai    which   drops 
through  the  meshes  in  the  brnken-coal  screen  /■  in  every-     i 
thing  below  the  site  of  broken  coal,  and  is  conveyed  by  thefl 
hopper  w,  to  the  main  elevator  «,,     When  there  is  a  limited 
sale,  or  no  sale  for  broken  e^al,  it  is  run  into  the  No.  ;i  roll^ 
Ji,  which  break  it  into  sizes  below  broken  coal.     These  rolls 
are  also  so  arranged  that  the  coal  can  be  broken  into  sizes 
below  egg  coal.     The  coal  coming  from  these  rolls  is  con- 
veyed by  the  roller  hopper  «  to  the  main  elevator  «^. 

2932.  -"Vll  the  coal  that  is  elevated  by  the  main  eleva- 
tor M,,  and  that  portion  rnming  frnm  the  steamboat  screen  ■ 
flj,.  is  conveyed  by  the  h upper  A^,,  under  the  stcamlioat  screen  f 
rt,„  to  the  dry  egg-coal  screens  d,,  and  i^,.     The  coal  that 
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reaches  these  screens  is,  jiraciically  speaking,  dry,  and  in  its 
prepiiration  no  water  is  used  until  the  t-oal  is  being  loaded 
into  the  railroad-cars  for  shipment;  hcnec.  this  side,  of  the 
breaker  that  is  about  to  be  described  is  the  tfry  side  (sec 
iMg.  KMS). 

Th«  dry  egg-coai  screens,  *,,  antl  ^,,  prepare  egg,  st<ivc,  and 
chestnut  coal.  The  egg  coal  coming  uin  of  the  end  of  these 
screens  is  conducted  by  the  chutes  </,,  to  the  picking  chute 
(/„,  where  the  slate  and  bone  are  taken  out  before  entering 
the  egg-coal  pocket  ^V. 

2933.  The  stove  roal  coming  from  the  three  segments 
that  compose  the  single- jacketed  portions  of  these  Bereen.s 
is  conducted  to  the  slate-picker  screen  f/.,  where  the  greater 
part  of  the  flat  slate  and  coal  is  taken  out.  The  stove  coal 
as  it  comes  from  this  slate-picker  screen  passes  into  the  slate- 
picking  chute  If.  where  the  slate  and  bony  coal  are  picked 
out  before  allowing  the  coal  to  enter  the  stove-coal  pocket 
M.  The  coal  coming  out  the  end  of  the  outside  jacket  of 
these  screens  is  chestnut  coal,  and  it  passes  to  the  slale- 
pickcr  screen  d,,  where  the  greater  part  of  the  flat  slate  and 
coal  is  removed.  The  coal  coming  out  of  the  end  of  this 
screen  is  conducted  by  the  chute  d„  directly  to  the  chestnut- 
coal  pocket  /-.  What  drops  through  the  meshes  of  the  out- 
side jacket  of  these  screens  i,,  and  A,,  is  everything  below 
chestnut  coal,  and  is  conducted  by  the  hopper  r,  to  the  two 
pen-coal  screens  /",  and  /,  which  make  pea  and  buckwheat 
coal.  The  pea  coal  coming  out  of  the  end  of  the  inside 
jacket  of  the  screens  is  conveyed  by  the  chute  c„  to  the  pea- 
coal  pix'kct  A*.  Tile  buckwheat  coming  out  of  Llie  eitd  of 
the  outside  jacket  of  these  screens  is  conducted  by  the  chute 
r,,  to  Ihe  buckwheat -coal  pockety. 

What  drops  through  the  meshes  of  the  outside  jacket  of 
these  screens/,  anil/,  is  everything  below  the  size  of  buck- 
wheat, and  is  conveyed  hy  the  hopper  r,  to  the  rice-coal 
screen  r,.  which  makes  rice  coal.  The  rice  coal  is  conveyed 
by  the  chute  r„  to  the  rice-coal  pocket  /.  What  drops 
through  the  meshes  of  this  screen  is  culm,  or  waste,  which 
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goes  directly  t"  the  waste  porkfi  W,  Fig.  1047.  located 
dcrneath  the  screen. 

2034.  Ily  examining  the  plan.  Fig.  1040.  tt  will  t>esccii 
that  all  tlic  \nn\y  cnal  comlnK  from  tlic  picking  chutes  h 
cimvcycfi  to  a  point  7'  in  the  breaker  by  a  small  (liimp-rar, 
anti  dumped  into  a  chute  Icuding  to  the  No.  4  rulls  J-',  vhidi 
arc  known  as  the  l>')ny-coal  r^lU.  These  rolls  break  th<? 
biiny  coni  into  sixes  l>ehiw  stove  cunl ;  the  co.iI  is  then  f"r.- 
veyed  by  the  roller  hopper  w„  Figs.  1047  and  JOJS,  to  the 
main  elevator  i*,.  which  iTlt-valcs  it.  the  preparation  being 
performed  l>y  passing  through  the  screens  on  the  dry  side 
In  this  same  plan  it  is  shown  th;it  the  whole  of  the  flat  slate 
and  coal  coming  from  the  four  slate-picker  screens  </,.  / .  ^., 
and  ^,  is  conveyed  by  chutes  lo  the  No,  S  rolls  6",  known  as 
the  slate-picker  rolls,  and  is  broken  up  by  ther^r  rnllv  inLo  :lII 
sires  below  chestnut  coal.  The  roller  hopper  «,  conveys 
everything  from  these  rolls  to  the  main  elevator  «,;  ihis 
product  19  also  prepared  by  passing  through  the  screens  on 
the  dry  side. 


tn^ 


2935.     The  pieces  that  drop  through  the  different 

screens,  as  ihe  coal  is  Iwing  UKidcd  into  the  railroad-cars  foF 
shipment,  vary  in  size,  for  it  will  be  noticed  upon  examin- 
ing tht!  lip  screens  over  which  the  steam  boat -coal  p3.ssrs, 
that  the  spaces  between  the  bars  are  much  greater  than 
those  over  which  the  chestnut  coal  is  made  lo  pass.  AH  the 
coal  coming  from  these  lip  screens  is  conveyed  by  the  ilratf- 
lines  i-„  and  /■„  to  the  elevator  /*„.  In  the  drag  chutes  j-,. 
through  which  the  drag-lines  /■„  and  <t„  work,  are  a  nunilx-r 
of  perforated  plates  which  take  out  the  water  that  is  used  in 
washing  the  coal  as  it  is  being  loaded  into  the  railroad -cars. 

21>;tA.  The  coal  that  is  elevated  by  the  elevator  *,. 
passes  into  the  lip-coal  separator  l\  which  makes  pea  anJ 
buckwheat  coal.  The  liiiokwhcat  coal  comes  out  the  end  irf 
the  outside  jacket  on  this  screen,  and  is  c<»Mvcyed  by  the 
cliute_i',  lo  ihe  buckwheai-coat  loading  pocket  J.  The  [K-a 
'  coal  drops  through  the  meshes  of  the  single -jacketed  poniuo 
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of  this  screen,  and  is  conveyed  by  the  chute  y^  lo  the  pea- 
coal  loading  pocket  A'.  What  drops  through  the  meshes  of 
the  outside  jacket,  and  that  coming  out  the  end  of  the  screen 
k^,  is  conveyed  by  the  hopper  _)'„  Fig.  1047,  to  the  main  ele- 
vator H„  and  receives  preparation  on  the  dry  side. 

In  the  plan  it  is  shown  that  the  lip-screenings  coal  com- 
ing from  the  lump-coal  chute,  that  is  elevated  by  the  elevator 
i/„,  first  passesinto  the  broken-coal  screen,  and  finally  reaches 
the  main  elevator  //„  where  it  is  prepared  on  the  dry  side. 

2937.  The  side  elevation.  Fig.  1047,  shows  that  the 
slate  from  the  different  jigs,  and  that  coming  from  the  dif- 
ferent picking  chutes,  together  with  the  waste  coming  from 
the  dry  rice-coal  screen,  is  all  conveyed  to  the  large  waste 
pocket  W,  and  is  loaded,  together  with  the  rock  that  comes 
from  the  platform  and  collects  in  the  rock  chute,  in  dump- 
cars  that  run  over  the  double  tracks  formed  by  the  rails 
/.,  /...and/., 

2938.  The  refuse  coming  from  the  wet  rice-coal  screen 
is  carried  off  by  troughs,  which  are  indicated  in  the  plan, 

Fig.  lO-ifi,  by  the  line and  marked   U.     The 

water  coming  from  the  overflows  of  the  jigs  als<»  carries  a 
certain  amount  of  sediment.  This  water,  with  that  coming 
from  the  slush  boxes  of  the  jigs,  is  conveyed  to  the  trough 
C/^  leading  to  the  slush  bank. 

2939.  In  Figs.  HUfi,  1(147,  and  1048,  no  attempt  has  been 
made  to  show  where  the  coal  that  is  used  in  generating 
steam  for  the  plant  is  taken  from.  This  will  depend  upon 
what  size  is  to  be  burned.  If  it  is  rice  coal,  it  would  no 
doubt  be  taken  from  the  rice-cual  screen  c,  on  the  dry  side; 
in  case  it  is  buckwheat,  the  buckwheat  coal  coming  from 
the  pea-coal  screens  /,  and  /„  would  suggest  itself;  or,  as  is 
very  often  the  case,  the  .slate-picker  stuff  coming  from  the 
slate-picker  screens  is  used. 


Percussive  and  Rotary  Boring. 


INTRODUCTION. 

1.  In  prospecting  for  minerals  and  in  mining  operations, 
as  well  as  in  tapping  the  natural  supplies  of  water,  gas,  and 
oil,  some  method  of  boring  through  the  strata  is  necessary. 

Bore  holes  of  varying  diameters  and  lengths,  ranging 
from  those  of  small  diameters  and  short  lengths  for  blasting 
purposes,  to  those  of  comparatively  large  diameters  and 
great  lengths  for  other  purposes,  play  important  parts  in 
all  mining  operations.  It  is  therefore  important  that  the 
student  should  thoroughly  understand  the  subject,  so  that 
he  may  know  which  method  is  best  for  any  particular  case. 

2.  The  following  are  the  principal  uses  of  bore  holes: 

1.  For  finding  the  location  of  useful  minerals,  the  thick- 
ness and  nature  of  the  deposits,  and  the  inclination  of  the 
deposits. 

2.  For  obtaining  petroleum,  natural  gas,  or  salts  in 
solution. 

3.  For  sinking  artesian  wells,  ropeways  for  underground 
haulage,  passages  for  steam  or  water  pipes,  passageways 
for  signal  or  electric-power  wires,  and  for  flooding  mine 
fires.  Bore  holes  have  also  been  effectively  used  to  drain 
old  gobs  of  dangerous  accumulations  of  gas. 

■t.  For  connecting  live  mine  workings  with  adjacent  old 
workings,  which  may  be  filled  with  accumulations  of  gas  or 
water,  and  for  draining  off  such  accumulations  in  a  safe 
manner. 

5.  For  sinking  tshafls  or  slopes  or  driving  tunnels  through 
rock,  and  for  removing  overlying  strata  in  stripping  opera- 
tions. 

K»r  n'lticii  <if  O"'  ifi)yri>;)n,  svt  (utKi-'  iiiimtdialily  (i>1Iipsviuk  IIil^  tillu  pOKC. 
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6.  For  driving  entries,  levels,  headings,  etc..  in  ibe  vciii. 
lode,  or  flcim.  and  in  enlarging  such  iiassagcways  by  rip^ 
ping  down  overlying  or  blowing  u|*  underlying  strata. 

7.  For  extracting  the  useful  minerals  in  rooms,  breasts, 
slopes,  wiiiKcs,  etc.,  or  in  open  cuts  or  quarries. 

3.  There  are  two  general  methods  o(  boring,  viz.,  per- 
cii!»ive  and  rotary  boring.  The  former,  being  the  simpler 
method,  will  be  considered  first. 


PERCUSSIVE  BORING. 

4.  Any  form  of  boring  by  a  succession  of  blows  i&  called 
pcrcuHHivc  twrlnff.  Tlie  kind!i  of  drills  used  are:  toanil 
drIllM.  wliicli  oniprise  ordinary  bar  drills  opcnited  by  hanil 
and  tiainuici';  Junipur  or  churn  drlll»«  which  arc  lon^ 
iind  heavy  bar  drills  operated  entirely  by  hand ;  and  imwcr  ■ 
drlllM,  which  are  operated  by  steam,  air,  or  electricity. 
In  many  localities  the  small  hand  drills  are  also  calUd 
"jumper  "  drills. 

5.  The  cutting  tools  or  bits  used  in  percussive  boring^ 
may    be   termed    InlcrmUtciit  cutter*,    the   character- 

I  istics  of  which  arc  staled  as  follows: 

1.     They  cut  along  lines  parallel  to  the  direction  of  IheJ 

I  holes. 

i.  They  cut  out  a  chip  at  each  stroke,  whose  horizontilj 
section  is  .i  small  sector  of  a  circle;  it  therefore  requires' 
several  strokes  of  the  drill  to  advance  the  hole  a  distance 

equal  tu  the  depth  of  one  chip. 

3.     The  depth  of  the  cut  made  by  each  successive  stroke] 
is  proportional  to  the  energy  applied,  and  inversely  propor- 
tional to  the  hardness  of  the  ruck. 

I  ft.     In  order  to  do  cffrt- tive  work  with  a  percussi%*e  drill,! 

k  the  cutting  niu.st  be  done  in  steps  inversely  proportional  tol 

I  the  hardness  of  the  rock.     This  is  accomplished  by  turQing] 
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the  drill  thruu^h  llic  proper  angle  at  each  stroke.  In  hand 
drilling  the  driller  turns  the  drill  wiih  one  hand  and  strikes 
with  the  other,  or  one  man 
turns  the  driU  while  another 
strikes  it.  In  machine  drilling 
the  turning  is  done  automat- 
ically. In  either  ca»c  the 
nngle  throuKh  which  the  drill 
turns  must  be  smaller  in  hard 
rock  than  it  is  in  soft  rock— 
the  width  of  the  chip,  of 
course,  varying  with  the  angle. 


yi-i.  1. 


7.     In  turning  a  percussive 

drill,  the  greatest  arc  through 

which  the  outside  edge  of  the 

drill  is  turned  sluuild  not  be 

greater  than  the  depth  of  cut. 

Fig.    1  shows  two  pieces  of 

rock  /(and  S,  each  being  acted 

upon  by  chisels  in  a  manner 

aomewhat  similar  to  the  action 

of  a  percussive  drill  in  a  bore 

hole.     At  /f  the  i;hiscl  D  culs  off  a  chip,  the  width  i  t  or 

a  e  of  which  is  less  than  the  depth  j  </,  while  at  -S  the 

chisel  is  so  placed  that  the  width 
of  the  proposed  chip/^  is  greater 
than  the  depth  r^,  and  its  only 
action  is  to  slightly  powder  the 
rock  under  its  edge.  This  shows 
in  a  graphical  manner  that  in  the 
first  case  the  resistance  to  chip- 
ping is  overcome,  while  in  the 
second  case  the  resisiiance  of  the 
rock  prevents  chipping. 

8.    Fig.  a  shows  some  of  the 

(lilTcrenl  |K>sitions  of  the  cutting 

edge  of  a  bit  when  drilling  a  hole  and  being  turned   as 

A    H/.-JJ 
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indicated  by  the  arrows.     The  retattoa  of  these  portions 
may  be  stated  as  followB; 

1.  The  cutting  cdsc  of  the  hit  always  t-uiticides  with 
the  diameter  of  the  liulc.  Thus,  a  a^,  ^  ^,,  and  ct,  pass 
through  0,  the  center  of  the  hole. 

2.  When  the  bit  cuts  off  perfect  slices,  they  are,  in  plan, 
BCCtons  of  a  circle. 

3.  The  angle  included  between  successive  cuttings  should 
he  such  that  the  majcimum  width  of  a  slice  will  not  be  greatei 
than  the  minimum  depth  uf  the  cut. 

9.  Fig.  3  shows  the  builum  of  a  hole  when  the  hit  aiul 
alt  the  debris  have  been  removed.     That  portion  of  the  face 


nca. 


of  the  cut  from  (he  center  to  a  is  advancing  in  the  opposite 
direction  from  that  from  the  center  to  c,  as  sliown  by  the 
arrows  li,  e.     The  depth  a  b  ai  the  cut  is  greatest  at  thesidc_ 
of  the  hole,  and  becomes  less  towards  the  center,  where  it  i 
very  shallow.     IL  is  therefore  evident  that  the  center  of  th«' 
cutting  edge  of  the  hit  does  less  work  per  blow  than  the 
extremities,  and  the  work  dune  by  the  cutting  edge  great^H 
increases  from  the  crnter  towards  the  ends.     For  thin  rei^^ 
son  and  the  fact  that  tht:  ends  or  corners <jf  thccuttingcdge 
nf  a  bit  arc  the  weak  points,  care  should  he  taken  in  shaping 
and  tempering. 
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lO.  In  boring  hulcs  of  difFcrcnt  diameters  in  llic  same 
rock,  the  bit  should  be  turned  so  that  the  outside  srcs  in  all 
cascK  arc  equal.  In  other  words,  the 
greater  the  diameter  of  the  hole  the  less 
the  angle  through  which  the  bit  ii 
turned,  prn%-idiiig  ihe  power  applied 
remains  constant.  Suppose  that  it 
was  found  most  cffctiivc  to  turn  a  bit 
through  the  angle  a  <f  b.  Fig.  ■!,  in  a 
hole  whose  radius  iactf;  then  in  a  hole 
whose  radius  is  double  aa,  ot  o  e,  the 
bit  should  be  turned  lliruugh  the  angle 
cod,  making  the  arc  C(/  equal  to  the 
arc  a  b.  If,  in  drilling  the  large  hole, 
the  hit  was  turned  through  the  augic 
a  ff  b,  or,  which  is  the  same  thing,  c  &£^ 
the  rock  would  simply  be  crushed  along 
the  line  o  e  instead  of  a  slice  being  cut  off,  as  would  be  the 


Pia.  \. 


case  if  the  drill  was  turned  through  the  angle  c  v  d. 


L 

^V  KINim    OF    UITH. 

f  11.     The  form  of  the  cutting'  edge  of  a  bit  depends  upoa 

the  nature  of  the  rock,  the  size  of  the  hole,  and  the  power 
employed.      Kor  small  holes,  drilled  by  hand,  in  coal,  the 
straight  or  concivcd  sharp-edged  chisel  is  generally  used. 
For  drilling  wirh  machines  or  with  hammers,  these  forms  of 
hits  arc  not  suilablc,  as  the  energy  sup- 
plied would  aet  on  them  pcrcussively  with 
great  force,  and  as  a  result  the  extrvmi- 
tifs  of  the  e<lges  would  soon  be  blunted  or 
broken  off. 

For  rock-drills  driven  by  hammer,  and, 

under    s«ine     conditions,    for    use    with 

[uachines,  the  best  form  of  edge  is  cither 

the  tapered  bit  or  one  with  a  convex  edge, 

Pi'i  *•  as  shown  in  Fig.  5.     These  shajjes  protect 

the  extremities  of  the  cutting   edge,   where   the  greatesi 

resistance  is  encountered. 


n 
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1  2.  Ill  addition  to  the  cutting  edge  being:  made  of  sue 
form  as  to  Ucst  withstand  the  extra  work  done  at  its  cxtrcc 
ilics,  it  should  be  tiharpencd  to  suit  the  h-irdncss  of  thenx-l: 
lo  be  bored.  For  insiaiice,  the  cutting  edge  of  the  bii 
should  be  made  so  as  to  form  in  cro&g-sectioii  an  acute angk 
for  baring  in  coal  or  wifl  rock,  and  an  obtuse  angle  fur 
boring  in  hard  rock.  In  any  case-  the  ungle  will  dejK;! 
u[ion  the  rock  to  bt;  drilled.  An  obtusely  sharpened  cd| 
would  be  as  ineffective  in  soft  rock  as  an  acutely  sharpen^ 
one  in  hard  rock. 


13.     A  sofi  sandstones,  however,  requires  a  blunter 
than  a  hard  limestone,  because  it  is  made  up  of  very  hai 

grains  of  sand  comparatively 
loosely  cemented  together,  and 
nmrc  easily  separated  by  pound- 
ing than  by  cutiiniir.  pjg,  6  shows 
a  6ai-e<lged  bit  frequently  ii*«il 
for  drilling  in  soft  friable  sand- 
stone. As  may  be  seen,  the  side 
()  d  and  the  end  r  </  arc  both 
straight,  It  must  not  be  supposed 
that  a  flat-edged  bit  is  best  in  all 
cases  to  drill  in  sandstone.  In 
arenaceous  limestone,  w  hJch  i^^ 
called  sandstone,  and  calcareous  sandstone  a  flat-edged  bii 
would  be  very  inefhcient.  or  possibly  useless.  Exjicrirncc 
and  sound  judgment  together  enable  one  to  determine 
w}i.en  ic  is  most  advantageous  to  use  a  flat-edged  bit  even  in 
friable  sandstone. 


ft 
Pro. «. 


14.  Fig.  7  shows  an  ordinary  st ra it; ht -edged  bit  in  which 
the  material  is  rcducrd  at  the  niitldie  of  each  side.  This  allows 
the  debris  to  free  itself  readily  at  the  center  of  the  liok. 
where  it  would  be  pressed  over  and  over  again  were  tlii* 
provision  not  ni.ide.  This  improvement  is  also  advanla- 
geons  in  the  llal-cdged  bits  for  drillitig  many  sandstones  at 
rock  like  the  sandstones  of  Northeastern  Ohio. 
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15.  Fig.  S  shows  a.  cross  or  ^  bit  very  commonly  used 
in  i>crcui«ivc  power  drilling.  It  is  evident  that 
the  cutting  edge  of  this  liit  is  iloii  bic  that  of  the 
ordinary  straiRht-cdgcd  bit,  and  that  double  the 
work  can  be  done  with  it  witlmut  detriment  to 
its  edges.  Fig.  0  showi;  an  X  bit,  which  is  also 
quite  extensively  used.  It  gives  better  results 
in  many  rases  ih-m  the  ^  bit,  because  the 
latter  often  riflra  the  hole,  and  thereby  reduce* 
the  fvrcc  of  each  blow.  This,  however,  is  not 
likely  to  occur  when  drilling  in  hard  granitic 
rock,  for  the  angle  through  whiL-h  the  bit  is 
turneci  at  each  btow  is  small,  and  the  surface 
of  the  hole  is  consequently  made  comparatively  '•»•  ?• 
smooth  and  round.  Pig.  10  shows  a  Z  bit,  which  is  an  excel- 
lent (orni  for  equally  distributing-  the  work  along  tlic  cutting 
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edge,  and  is  especially  efficient  i»  soft  rock;  the  only  objec- 
tion to  it  is  the  difficulty  with  which  it  is  sharpened. 

16.    When  drilling  in  hard  rock,  the  straijtht-cdgcd  bit. 
Pig.  6,  is  liable  to  become  wedged  in  a  narrow  crack,  and 
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frcnckrrthctlritlinKtliScuIl.  To  ovcnVMiic  tlti*  tendeiKj, «  bit 
irilh  A  cufTctJ  edge,  as  shown  in  Fijc.  1 1 ,  is  used.  Socfa  s  fonn 
^  _mm±_^  cnaMcfl  the  bit  tu  ride  the  narrow  cntk 
FK^i  and  prevents  sticking  in  the  holc^  Thii 
L  l\  I  bit  is  formed  «inply  by  the  Madcsmith 
rl  ■  bending  the  ejctremities  of  tbe  finnbcd 
//*  w\  straight-edged  Wt  in  opposite  dirvctMios, 
/  '  Y     care  being  lakcn  not  to  bend  them  loo  In 

^- -^    and  thereby  cause  portions  of  ihc  sides  of 

the  tapered  p«.rts  to  rub  the  &ide  of  the  bok. 

17.    The   ordinary  straight-edged  U% 
can  be  made  or  dressed    ap  an    an  aoril 
Ktq  iL  ritli   a   hamnifr,    but    in    order   to  stupe 

and  dress  up  the  ^.  X,  or  Z  shaped  bits,  special  ttiob 
are  required.  Thr«c  used  to  make  or  dress  up  the  4*  *"" 
arc  sliown  in  Fig.  I'Z.  The  awage  (a)  is  placed  in  t' 
bole  in  the  face  of  the  anvil,  and  is  used  in  conne<  .  :  i 
tbe  spreader  (/)  to  form  the  wings  of  the  bit  roughly,  whtcfa 
are  Anally  ftnished  with  the  Hatter  (r/}and  tbe  sow  {&),  which  a 


I 


<a> 


/-  "-'  itli  in 
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placed  iu  the  hardy-hole  after  the  swage  is  removed.  The 
dolly  (i)  is  used  to  give  the  proper  shape  to  the  cutting  edg« 
of  the  bit.  When  X  bits  are  sharpened,  the  grooves  in  ibc 
dolly  rausi  cross  each  other  obliquely,  or  at  such  an  angle  as 
will  suit  the  cutting  edges  of  the  bit. 


TIIF.   WKIliHTft   OF  UH1I.I.S    AXD    HA.\tMRR8. 

18.  It  is  important  that  the  driller  should  know  appna- 
imatcly  the  proper  relative  weights  of  hammer  and  drill, 
that  he  may  obtain  the  best  results.     U  a  light  hammer  ii 
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used  to  strike  a  relatively  heavy  drill,  most  of  the  energy  will 
be  dissipated  in  heat  and  vibration,  and,  of  course,  the 
longer  the  drill  for  the  same  weight  the  greater  the  loss. 

19.  The  dissipation  of  energy  that  takes  place  when  a 
hammer  strikes  a  drill  is  proportional  to  the  weight  of  the 
drill  divided  by  the  weight  of  the  hammer.  Thus,  if  a 
3-poiind  hammer  strikes  successively  a  9,  24,  and  36  pound 
drill,  the  amounts  of  energy  dissipated  at  the  moment  of 
impact  will  be  proportional  to  J  =  3,  V  ='8,  and  ^  =  12, 
respectively.  Therefore,  it  is  evident  that  the  lighter  the 
drill,  within  certain  limits,  the  less  the  loss  of  energy  through 
heat  and  vibration.  It  is  not  necessary  to  be  able  to  deter- 
mine the  exact  efficiency  of  a  hammer  and  drill,  but  by 
observing  the  above  statement  in  relation  to  the  dissipation 
f)f  energy,  a  driller  can,  after  a  little  experience,  easily 
decide  upon  the  best  combination  of  hammer  and  drill  for 
any  particular  work.  In  order  that  the  student  may  fully 
understand  the  consequence  of  using  an  inefficient  combina- 
tion of  hammer  and  drill,  a  few  illustrations  of  the  way  in 
which  energy  may  be  dissipated  through  heat  and  vibration 
will  be  given. 

20.  If  the  head  of  a  large  pile  be  struck  with  a  small 
hand-hammer,  the  whole  of  the  energy  stored  up  in  the  ham- 
mer will  be  converted  into  heat  and  vibration;  for,  on 
striking  the  head  of  the  pile  in  rapid  succession,  the  point 
of  impact  will  become  hot,  and  each  blow  will  make  a  noise 
that  is  produced  by  the  vibration  of  the  pile,  which  is  not 
advanced  the  least  amount,  and  therefore  no  useful  work 
has  been  done  upon  it.  The  effect  of  a  clapper  of  a  bell 
furnishes  an  excellent  illustration  of  how  energy  is  con- 
verted into  vibration  or  sound. 

If  a  blacksmith  |)iiu]ids  a  small  piece  of  iron  upon  the 
anvil  with  blows  of  considerable  force  and  rapidity,  the  iron 
will  become  visibly  red,  shnwing  that,  notwithstanding  the 
iron  is  flattened  out,  nmst  of  the  energy  given  up  by  the 
hammer  is  convened  inlo  heat.  The  fact  that  a  man 
receives  no  injury  when  In:  places  a  large  stone  upon  his 
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breast  and  allows  another  man  to  strike  and  break  it,  as 
frequently  done  liy  acruhals.  shows  that  the  energy  of  the 
hammer  is  almost  entirely  spent   in  heat   and  vibrati 
These  illtisirations  i:Iearly  show  the  folly  of  using  a  s 
hammer  and  a  large  drill  to  Imre  a  hole  in  rock. 

21.     In  drilling,  the  hardness  and  tenacity  of  the  rod 

determine  laruuly  the  wei(.rht  n(  drill  to  use.  If  too  light  a 
drill  is  bcinjj;  used  in  a  hard  rntk,  it  will  rebound  and  a  ring 
will  be  produccd'at  every  blow  similar  to  that  produced  by 
striking  the  face  of  an  anvil  with  a  hammer,  showing  thai 
more  or  less  energy  is  he  in  (j  wasted  in  vihratton.  An  ex 
enced  driller  soon  determines  by  the  sound  and  feci  of 
drill  whether  nr  not  it  is  suited  for  the  work,  and  natur; 
complies  with  the  law  that  the  weight  of  the  drill  should 
proportional  to  the  hardness  of  the  rock. 


railv 


THK    KFFKCT    OF    Vr-MH;iTV    ANO    WEIGHTJ 

IN     HOKIKG. 

22.  The  amount  of  work  which  a  drill  is  capable 
doint(  at  the  moment  of  impact  depends  upon  the  amount 
of  energy  it  has  stored  up  at  that  instant,  and  this  in  turn 
depends  upon  the  velocity,  for  the  energy  varies  as  the 
square  of  the  velocity.  Il  is  therefore  immaterial  how  far 
the  drill  moves  so  long  as  it  acquires  the  desired  velocity, 
but  the  less  the  distance  through  which  the  drill  mo\'e*  in 
order  lo  have  a  certain  velocity,  the  greater  the  force  roust 
be.  Hence,  with  an  available  constant  force  the  only  way 
to  obtain  an  increase  of  kinetic  energy  in  the  drill  is  la 
increase  the  length  of  stroke,  which  enables  the  constant 
force  to  give  the  drill  increased  velocity  before  impnct. 
The  energy  also  varies  as  the  length  of  the  stroke  when  the 
drill  is  actuated  by  the  same  or  a  constant  force,  and  as  the 
weight  when  the  velocity  is  constant  at  the  moment  of 
impact.  To  illustrate,  a  drill  haviiiij  a  velocity  of  20  feet 
per  second  at  impact  has  four  times  the  energy  it  has  when 
its  velocity  i*  hut  10  feet  per  second  at   impact;  or  a  drill 
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having  a  I'Mnch  stroke  has  twice  the  energy  at  impact  that 
ii  would  Imvc  if  it  had  but  a  ti-inch  strike;  or  a  drill  weigh- 
ing 30  pounds  has  tifrice  th«  energy  at  impact  that  it  would 
have  if  it  weighed  but  10  pounds,  uthcrr  things  being  the 
^h  same. 

23.  In  drilling  a  hole  wjlh  a  long  or  heavy 
jumper,  two  men  can  do  about  four  times  as  much 
etTective  voric  as  one  man  using  the  same  drill. 
This  in  due  to  the  fact  that  one  man  e.\pends  a 
great  deal  of  his  energy  lifting  the  drill,  and  there- 
fore can  nut  exert  much  force  to  the  drill  on  its 
downward  stroke.  On  the  other  hand,  two  men 
lose  less  energy  between  them  in  lifting  the  drill, 
and  consequently  can  exert  more  than  double  the 
force  on  the  downward  stroke.  Further,  two  men 
can  lift  the  drill  higher  in  boring  downward  holes, 
and  therefore  have  a  longer  distance  thmugh  which 
to  accelerate  it.  This  increases  the  energy  at 
impact  proportionally  to  Ihc  increase  of  length  o£ 
stroke,  as  previously  stated. 

24.  The  weight  of  the  drill  should  be  such  that 
the  drill  will  not  rebound  on  account  of  the  elas- 
ticity of  the  rock,  or  have  its  cutting  force  materi- 

aally  aflfcctcd  by  the  debris  at  the  bollrtm  of  the 
hole.  Where  the  hole  reachc-i  such  a  depth  that 
the  drill  is  as  heavy  as  it  is  possible  to  advantage- 
ously use  it,  the  shank  may  be  made  lighter.  The 
jumper  is  sometimes  enlarged  near  the  middle  and 
*  provided  with  a  bit  on  each  end,  as  shown  in 
rw-  It-  Pig  ]g  jijig  arrangement  gives  weight  where 
the  sixe  and  depth  of  the  hole  wi>uld  uoi  permit  as  much 
weight  in  the  drills  as  couUI  otherwise  be  effectively 
used.  The  shorter  portion  i»  *  is  used  first,  and  when  the 
hole  reaches  such  a  depth  that  the  bulb  prevents  drilling 
farther,  the  drill  is  reversed  and  the  jKjrticm  c  d  used  to 
finish  the  hole.     In  drilling  a  hole  in  rock,  the  cutting  edge 
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ot  the  bit  beromos  hhml  and  somewhat  shorter,  thercb; 
forming  a  slighil)'  tapered  hole,  and  ncrcssitating  that  the 
sttctercling  hit  have  a  cutting  edge  from  -^  U*  ^  ot  Atl  i 
shorter  than  the  preceding'  one. 

25.    Where  the  rock  is  tiot  too  hard,  jumper  drills 
often  preferred  for  drilling  downward  holes;  but  they 
ineffective  in  drilling  vertically  upwards,  for  iheir  weight^ 
act  against  rather  than  with  the  force  exerted  by  the  drill 
in   delivering  the   blow.      For  drilling  in   hard    rock 
vertically  upwards,  the  drill  and  hammer  i.s  more  rfficie 
than  the  jumper  or  cliurti  drill.     Percussive  drills  worlo 
with  stesim   or  compressed   air  are  really   jumper  drfl 
they  do  not  depend  so  much  upon  the  weight  of  the  drill  (of 
their  culling  effect  as  tlie  hand  drill,  but   rather  upon 
force  which  actuates  the  drill.     This  force  is  varied  to 
the  hardness  of  the  rock  in  which  the  hole  is  being  bored. 

V  36.    The  two  classes  of  hammers  used  for  drilling  are 

I  single-hand    hammert^   and    sledges.     The  former  are  used 

I  when  drilling  a  short  small  hole,  in  which  the  driller  turn 

I  the    drill  with  one  hand  and  strikes  with    the  hand-har 

I  mcr  held  in  the  other,  and  the  latter  arc  used   for  drillii 

R  comparatively  large  and  deep  holes,  in  which  Ihe  driller  tur 

I  the  drill  with  both  hands  while  a  helper  strikes  it  with 

■  sicdgc  weighing  from  5  to  Vi  pounds  and  having  a  ham 

from  'i'i  to  liti  inches  long.     By  the  use  of  the  sledge  mc 
energy  can  be  imparted  to  the  drill  than  can  be  given  to 
by  lifting  and  dropping  it,  as  in  tlic  ca.sc  of  the  jumper  drit 
no  matter  how  heavy  the  jumper  may  be. 

27.     In  drilling  holes  for  blasting  purposes,  a  tMcrapcr 
1  is  indispensable;  it  is  a  slender  md  of  iron  with  a  flat  scoop 

1^^        on  one  or  both  ends,  which  is  turned  at  right  angles  to_tb£_ 
^^k      rod. 


CLASSES  AND  USE  OF  HAMMERS. 

26.    The  two  classes  of  hammers 
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TEMPERING  DRILLS. 
28*  Temperlnfc  a  drill  is  the  process  of  giving  it  a 
certain  degree  of  hardness  and  toughness  by  first  heating  it 
and  then  cooling  it  in  water  or  other  suitable  liquid.  In 
order  toget  the  proper  or  desired  temper  in  a  drill,  it  is  neces- 
sary to  cool  it  off  when  it  has  a  certain  temperature,  which 
is  very  accurately  known  by  the  color  peculiar  to  that  degree 
of  heat  and  the  grade  of  steel  in  the  drill.  It  is  therefore 
essential  that  the  succession  of  colors  produced  in  steel  while 
changing  its  temperature  be  known,  as  well  as  the  charac- 
teristics of  the  steel. 

AnoealloE  is  the  process  of  softening  iron  or  steel  by 
means  of  slowly  cooling  it  after  it  has  been  heated.  If  a 
piece  of  steel  is  heated  to  redness  and  covered  with  dry  ashes 
so  as  to  prevent  the  rapid  radiation  of  heat,  it  will  be  quite 
soft  when  cool,  while  if  it  is  plunged  into  water  it  will  be 
hard  and  brittle. 

Not  only  is  it  important  that  any  one  who  tempers  drills 
should  know  the  temperatures  indicated  by  the  different 
colors,  but  he  also  should  bear  in  mind  that  the  same  color 
in  drills  made  of  different  qualities  of  steel  indicates  differ- 
ent temperatures.  For  example,  with  a  fine  quality  of  cast 
steel  a  temperature  of  490°  F.,  corresponding  to  a  brown- 
yellow  color,  would  give  a  bit  when  cooled  off  at  that 
temperature  a  cutting  edge  suitable  for  drilling  in  rock  of 
average  hardness,  but  with  a  comparatively  mild  steel,  hav- 
ing ,5  or  .6  per  cent,  of  carbon,  a  temperature  of  520°  F., 
which  corresponds  to  a  purple  color,  would  be  required  to 
obtain  the  same  hardness  and  tenacity. 

29.  The  following  experiment  will  enable  the  student  to 
learn  and  familiarize  himself  with  the  succession  of  colors: 
Take  an  old  table-knife  and  lay  it  on  a  very  hot  lid  of  a 
stove  or  other  hot  iron.  Presently  the  blade  will  show  a 
straw  color,  which  will  run  to  the  handle.  The  straw  color 
will  be  succeeded  by  yellow,  brown-yellow,  brown-purple, 
purple,  and  blue.  These  colors  follow  each  other  so  quickly 
that  close  attention  must  he  paid  to  observe  the  transition. 
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When   this   has  been  done,  the 


student  should  learn 
the  different  cok 


deforce  of  hardness  that  corresponds  to  th< 

To  do  this,  place  the  blade  fl-it  upon  the  hot  lid  or  other 
piece  of  hot  iron  so  that  the  vrhule  of  ii  will  be  of  the  sauif 
temperature  and  color  at  the  same  instant;  provide  a  viessti 
of  water,  atid  whL-ii  the  blade  becomes  straw  color  quickly 
plunge  ii  into  the  water,  and  finally  test  its  hardness  vritha 
file  or  good  pocket-knife.  When  soft  the  61e  easily  takes 
hold,  and  with  Uie  pocket-knife  a  small  shaving  can  be  cut 
from  an  edge.  Repeat  the  operation  for  the  different  colors. 
and  when  the  work  is  completed  the  student  will  have  a 
good  knowlrdgc  of  the  degree  of  hardness  that  corresponds 
to  the  different  colors  of  the  particular  quality  of  steel  in 
the  blade.  la  the  same  way  a  blacksmith  or  tool  drcs«r 
should  learn  the  degree  of  hardness  that  corresponds  to  the 
various  colors  of  each  grade  of  steel  which  he  has  *o  wot 


I 


30.     In  tempering  a  drill,  the  following  points  should 
observed: 

1.  When  the  bit  is  dipped  in  water,  it  should  be  moved 
up  and  down,  or  the  molecular  tension  above  and  below  the 
water-line  will  he  so  difTcrent  that  the  bit  will  be  liable  to 
break  in  the  same  way  as  the  bottom  of  a  glass  vessel  is 
cracked  by  pouring  hot  water  into  the  vessel. 

'X.     The  bit  of  a  drill  should  not  be  pl.'iced  in  the  incan 
descent  cinders  of  a  fire  to  be  heated,  for  the  cutting  edge 
will  be  decarbonized  and  rendered  worthless.  ^H 

3.  The  bit  should  be  healed  a  few  inches  from  the  cutlin^^ 
edge  to  prevent  dccarbonization,  and  it  should   not  be  kept 
in  the  fire  longer  than  necessary  to  heat  it  to  a  cherry«red 
heat. 

4.  Immediately  after  removing'  the  bit  from  the  Bre,  it 
should  be  dipped  in  water  for  a  moment  to  partially  cool  it 
and  then  rubbed  on  a  stone  to  remove  the  outside  scale,  in 
order  that  the  colors  can  be  easily  distinguished. 

0.  The  colors  should  advance  paTailcl  to  the  cutting 
edge,  and  if  in  any  case  they  arc  observed  to  do  othcrwii 
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that  poriinn  of  Lhc  bit  to  whicli  they^  arc  .idvancing  nu 
rapidly  should  be  dipped  in  water.  Frequently  it  is  neces- 
sary to  dip  the  bit  in  water  several  times  to  obtain  the 
proper  parallelism  before  llic  final  cooling.  If  the  bit  were 
cooled  when  the  colors  were  not  parallel  to  its  cutting  edge 
but  crossed  it,  the  cutting  edge  would  likely  be  too  soft  in 
I    one  plaoe  and  too  brittle  in  another. 

|i  U.  The  tool  dresser  should  thoraugbly  understand  how 
iron  can  be  con%'ertcd  into  steel  by  carbonizntion  and  steel 
into  iron  by  the  oxidation  of  a  portion  of  its  carbon.  For 
example,  if  a  piece  of  wliitc-hot  iron  is  buried  in  powdered 
charcoal  and  the  air  kept  away  from  it,  the  skin  of  the  iron 
becomes  carhonieed  and  converted  into  steel,  and  if,  on  the 
other  hand,  a  bar  of  red-hot  steel  is  buried  in  oxide  of  iron, 
the  skin  of  the  steel  becomes  decarbonized  or  converted  Into 
malleable  iron.  In  the  same  way,  if  the  cutting  edge  of  a 
bit  is  made  red  hot  in  a.  forge  fire  and  kept  at  that  heat  for 
swine  time,  it  will  be  decarbonized  or  converted  into  mal- 
leable iron.  This  is  why  care  should  be  exercised  in  heat> 
ing  the  drill. 

^fe  7.  The  btl»  of  drills  give  better  results  when  tempered  in 
^tliick  oil  or  coal-tar  than  when  tempered  in  water,  the  rea- 
son being  that  the  water  rapidly  chills  the  thin  pun:i  and  ihe 
skin  of  the  thick  parts,  which  produces  uneven  hartlnes.-!  in 
the  bit.  while  the  oil  or  tar  cools  the  bit  more  gradually  and 
evenly  and  renders  it  more  tuugh.  If  it  is  found  that  a 
certain  bit  should  be  dipped  in  water  when  it  has  a  blue 
color,  it  should  be  dipped  in  oil  when  it  has  a  purple  ailor. 
In  other  words,  in  order  to  pnMlucc  the  same  degree  of 
hardness  while  tempering  with  oil  thai  has  been  obtained  by 
tempering  with  water,  the  bit  should  be  dipped  in  the  oil 
when  it  has  the  color  which  precedes  the  one  which  it  has 
when  dipped  in  water  to  obtain  the  best  temper.  This  is 
due  to  the  fact  that  the  oil  cools  the  bit  more  slowly.  Inall 
cases  the  oil  makes  the  bit  tougher  and  more  reliable  than  it 
can  tic  made  by  the  use  of  water. 

6.     The  best   temper   for    bits    made   of    good   steel   is 
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pr<HJucc<l  by  dipping  the  hH  m  «rater  when  it  is  blue,  orii 
oil  when  it  is  a  v«ry  light  blue. 

!),  The  colors  are  detp  and  distinct  for  good  steel  and 
scarcely  percciHihlc  fur  j>our  steel,  consequently  a  praeliwi 
eye  ran  determine  very  accurately  the  quality  of  the  sUei 
by  the  depth  of  the  running  colors.  J 

3  I .  Fi^.  14  shows  the  order  of  the  culors  when  the  bit 
is  heated  to  a  dull  redness  at  //.  The  arr<>ws  indicate  lJi« 
direction  in  which  the  folors  flow.  If  a  drill  is  s-utficicntly 
hard  when  tempered  at  a  purple  color  in  water,  but  lacles  in 
toughness,  it  can  be  tempered  in  oil  and  given  the  same 


FlO.  14. 


Fig.  15. 


degree  of  hardness  and  increased  toughness  by  dipping  it  in 
the  oil  wliile  the  brown-pur[)te  is  in  tlie  cutting  edge,  as  shown 
in  Fig.  15.  The  reason  it  should  be  dipped  in  the  oil  before 
the  purple  color  arrives  at  the  cutting  edge  is  because  the 
oil  takes  more  time  to  cool  it  than  is  required  by  water,  and 
therefore  by  the  time  it  is  cooled  the  purple  color  will  have 
reached  tlie  cutting  edge. 
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POWER    PEWCISSIVE    I>RI !>!.». 

32.  Compreswd-air  and  steam  drills  have  made  it  possi- 
ble tu  wurlc  wiih  profit  many  mineral  lodes  and  veins  and 
coat  seams  uhtcli  would  be  iinpritfitable  were  they  developed 
by  means  of  hand  drilling.  They  have  also  made  il  possible 
to  accomplish  (jreai  t-nKincering  projects,  as  the  driving  of 
lar^e  and  lon^;  tiiniiels,  the  sinking  of  deep  shafts,  and  the 
building  of  comparatively  straight  railroads  in  mountainous 
regions  where  deep  rock  cuts  are  reciuired. 

33.  Fig.  in  shows  the  general  construclinn  of  a  steam 
or  compressed-air  rock-drill.  The  machine  is  supported  on 
a  tripod,  the  legs  of  which  are 
weighted  by  the  heavy  castings 
W,  ir.  and  attached  to  the  body 
of  the  machine  with  universal 
joinu,  as  shown  at  S,  S.  The 
steam  or  air  cylinder  C  is  raised 
or  lowered  on  the  slides  G,  G  by 
the  screw  P,  which  is  turned  by 
the  hand-crank  A.  The  drill  i^. 
attached  directly  to  the  chuck  itn 
the  end  of  the  piston,  whidi  has  a 
stroke  of  from  4 1  to  8  inches.  The 
ste.im  or  air  is  conducted  lo  the 
cylinder  through  a  rubber  tube, 
and  exhausts  through  the  curved 
pipe.  It  is  turned  off  or  on  by  a 
valve,  and  when  turned  off  any 
steam  or  air  that  may  be  confined 
in  the  cylinder  can  be  freed  by 
another    valve    attached    to    the  no.  is. 

same  T,  but  above  the  connection  with  the  cylinder. 

34.  The  detail  mechanism  is  shown  in  Fig.  17,  which 
is  a  longitudinal  section  of  a  compressed-air  or  ste.im  rock- 
drill.  The  pisloii-hcad  is  over  one-half  the  length  of  the 
inside  of  the  cylinder  A.     Each  end  is  provided  with  a  steel 
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ring,  which  iniikes  it  steam  «r 
air  tight,  and  in  the  miAAk 
there  is  a  reduction,  Icaviug 
ttic  annular  space  J».$'.  Tbc 
piston  B  i«  Automatically  ttirned 
(luring  the  upward  stroke  by 
the  rifli;  F,  which  is  iireventeil 
from  turning  the  opposite  nir 
by  a  pawl  and  ratchct-vrhwljl 
the  tt»p  uf  the  rifle  F.  Thus. 
during  the  downward  stroke's 
the  piston  /i,  the  rifle  is  tumt< 
but  during  its  upward  strnke 
the  rifle  h  prevented  irum  turn- 
ing  by  the  ratchet-wheel  and 
|«iwl.  and  consequently  Itic 
piston  and  drill  must  turn.  lo 
this  way,  the  bit  is  autuntati- 
cally  uirned  for  each  blov. 

3ft.  There  are  several  m- 
cellciit  power  perousi^ive  dnl 
on  the  market,  which  are  M 
signed  on  the  samv  grenerl 
[)rini'iples,  the  most  essenlil 
difference  being'  in  the  cc 
stniction  of  the  steam  or 
valves. 


36.    The  number  of  stroh 
made  ]>cr  minute  by  pcrcussil 
drills  depends  un    the    poi 
applied  and    the    size    of    the 
drills.    The  smaller  drills  maki 
more  strokes  per  minute    bi 
strike   lighter    blows  than   tl 
larger  ones.     With  a  prcssui 
of  M  pounds  per  square  iiicl 
percussive  drills  range  in  s| 
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from  about  dOO  Ktrolccs  per  niinuic  For  small  machines  to 
250  strokes  per  minute  for  large  (incs. 

Tbis  difference  in  the  speed  of  the  machines  is  due  to  the 
fact  that  in  the  small  machines  a  bit  will  stand  a  larger 
number «(  blows  pvrminulL*,  because  the  weight  of  the  blow 
is  less  thaii  ill  the  large  machines.  In  a  small  machine, 
using  a  comparatively  small  drill,  a  velocity  of  500  strokes 
per  minute  will  not  injure  a  bit  any  more  than  a  much  less 
velocity  in  a  larger  machine.  For  this  reason  the  manu- 
facturers of  power  percussive  drills  have  adjusted  the  speeds 
o(  the  various  sizes,  so  that  each  will  have  a  speed  which 
will  do  most  effective  work.  These  speeds  have  been 
adopted  in  aecurdance  with  the  general  principle  thai  for  a 
given  amount  «f  energy  a  power  drill  can  cut  more  hard 
rock,  with  less  duma^e  to  the  bit,  when  it  strikes  a  moder- 
ately hard  b'.ow  at  frctjuent  intervals  than  when  it  strikes  a 
very  hard  blow  at  less  frequent  intervals. 


37.     Pig.  18  shows  two  drills  mounted  on  double>screw 
drilling  columns  C,  C.     The  man  on  the  left  has  his  drill  in 

tfl.—ss 
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position  for  drilling  a  horisontal  iiolc  in  the  rock,  and  Uic 
man  nn  the  light  is  ti|d;hccning  up  the  socket  .-f  no  Lk 
cc>Iumn  at  a  pi>siliotl  siifiiticnlly  Ww  to  drill  a,  h<Ae  near 
top  of  the  tunnel  and  pitcliiiig  upwards.  Hach  oC  ti 
coIuranK  is  fastened  fniin  the  bottom,  as  the  tunnel  in 


high  to  operate  the  screw  conveniently  from  the  tup.  Fig.  19 
showts  a  »inglc-scrcw  drilling  column  fastened  or  tightened 
from  the  top,  and  a  drill  fastened  to  it  in  position  to  drill 
a  hole  in  the  fnce  inclining  d'ivrnward<i,  and  Fig.  21)  shows  i 
drilling  cnlumn  in  a  horizontal  jxuiitica  and  two  in  verticil 
positions.  It  also  shows  how  percuss! vc-i>owcr  drills  arc  set 
up  and  connerti^d  to  the  main  steam  or  air  pipe  for  doing 
work  under  different  conditions. 

38-    It  13  possible  to  operate  a  percussive-power  drill  in 
almost  any  position,  and,  in  addition  to  this  advantage,  the 
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amount  of  work  they  can  do  is  m;iny  times  greater  per  day 
than  that  which  can  be  done  by  hand  drilling,  provided 
there  is  sufficient  spare  to  operate  the  machines. 


39.  Andr4  sums  up  the  requirement*  of  a  good  percus- 
sive machine  rock-drill  as  follows: 

1.  It  should  be  j^imple  in  construction  and  strong  in 
every  part. 

2.  It  should  consist  of  few  juina,  and  especially  of  few 
moving^  parts. 

3.  It  should  be  a<i  light  a»  possible,  consistent  with 
strength. 

i.     It  should  occupy  a&  little  space  as  posgible. 

fi.  The  striking  pari  should  be  of  relatively  great  weight, 
and  should  strike  tiic  rock  directly. 

0.  No  parts  except  the  piston  and  bit  should  be  subject 
to  violent  shocks. 

7.  The  piston  should  have  a  variable  stroke. 

8.  The  sudden  removal  of  the  resistance  should  not 
cnu!^  any  injury  to  ;uiy  pari. 

tf.     The  drill  should  be  rotated  automatically. 


as 
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10.     Th«  feed,  if  automatic,  should  be  regulated  "by 
advance  of  the  piston  as  the  cutting  advanres. 


I 


40a  The  weight  of  a  atcam  or  compressed-air  perciissire 
rock-driil,  less  the  weight  of  the  piston  and  drill,  should  be 
greater  than  the  total  steam  or  air  pressure  upon  the  piston- 
head,  for  it  is  this  pressure  that  reacts  upon  the  machine  and 
lends  to  lift  it  when  the  piston  is  beiiiif  forced  downwnrds 
II  is  to  overcome  thi»  reactionary  force  that  the  dead  weights 
are  placed  upon  the  lejrs  of  the  tripod;  when  the  machine  is 
attached  to  a  drilling  column,  dead  weights,  of  course,  arc 
not  required. 

If  the  siee  uf  the  piston>head  of  a  machine  rock-drill  k 
3  inches  in  diameter,  and  the  stpam  nr  air  pressure  be  taken 
at  70  pounds  per  squart;  inch,  ihe  constant  force  whic^^ 
accelerates  the  piston  and  bit  will  equal  3*  x  .7854  x  7D^H 
494.fl  pounds.  Henre,  the  wciRht  whith  tends  to  keep  the 
machine  in  i>lacc:  wliilc  the  pist^m  is  licing  forcctl  out  should 
be  at  least  600  pound*,  otherwise  the  reactionary  force 
would  remove  the  machine  in  the  same  way  that  a  cann< 
recoils  when  a  l.irge  ball  is  shot  fmm  it. 

41,      The  following  are  the  dimensions  and  features 
power  percussive  rock-drtl Is  of  the  standard  type: 

1.  The  diameter  of  the  piston  varies  from  2  to  5  inci 

2.  The  length  of  stroke  varies  from  4^  to  S  inches. 

3.  The  extreme  length  of  the  drill  from  the  end  of  ti 
crank  to  the  end  uf  the  piston  varies  from  36  to  6U  incl 

4.  The  length  of  the  ftied  or  the  distance  the  piston  and" 
cylinder  can  be  muved  to  follow  up  the  advance  of  the  hol^^ 
varies  from  \i  to  :-to  inches.  ^M 

6.  The  weight  of  the  machine  without  the  tripod  varies 
from  about  il)0  to  7lio  pounds.  The  weight  of  the  tripod 
without  the  dead  weights  varies  from  40  to  270  pounds. 
The  total  weight  of  the  machine  varies  from  2^0  to  l,Mi^| 


pounds. 

6.     The 
pounds. 


force  of  the    blow    varies    from    S50  to   1,(00 
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7.  The  mean  steam  nr  air  pressure  used  is  (SO  pounds  per 
square  inch. 

8.  The  average  aumbcr  of  strokes  per  minute  is  SOO  for 
the  small  drills  and  3(lii  for  tlie  larfje  ones. 

f).  The  large  machines  (Jrill  tn  ;i  depth  of  approxiinatel)' 
30  inches,  and  the  small  ones  to  u  depth  of  approximately 
IS  inches  without  changinf;  bits. 

ID.  The  average  work  done  in  drillins:  downward  holes 
in  granite  is  about  7  feet  per  hour. 

II.  The  depths  to  which  the  small  and  large  machines 
drill  holes  arc  about  4  and  ;ti1  feet,  respectively. 

13.  The  diaraelers  of  the  holes  drilled  by  small  and 
large  machines  are  from  |  inch  to  1^  inches  and  from  3  to 
fl  inches,  respectively. 

13.  The  diameter  of  the  steel  bars  used  for  making  drilia 
for  small  machines  varies  from  }  to  J  inch,  and  for  large 
ones  it  varies  from  1$  io'i^  inches. 

14.  Four  drills  make  a  set  for  shallow  holes  and  ten  drills 
for  long  ones. 

15.  It  requires  about  5  horsepower  to  work  the  small 
drills  and  about  1;)  horsepower  to  wnrk  the  large  ones. 

m.  Steam  is  usually  the  most  ccunomical  for  drilling  in 
outside  work,  but  for  tunneling  and  sinking  shafts,  or 
mining  work  in  general,  compressed  air  is  the  best,  for  it 
helps  to  ventilam  and  makes  the  surrounding  atmosphere 
more  comfortable  for  the  workmen.  Further,  it  is  more  eco. 
nomical  lo  transmit  energy  considerable  distances  through 
air  than  through  steam. 

42.  The  electric  percussive  drill  resembles  in  its  general 
appearance  the  steam  or  compressed-air  drill,  and  it  can  be 
mounted  on  a  tripnrl,  culumn,  or  (piarry  bar,  and  can  be  used 
in  any  place  not  generating  explosive  gases  in  dangerous 
quantities.  The  operation  of  electric  percussive  drills 
depends  upon  the  principl«  that  if  an  electric  current  be 
passed  through  a  coil  of  wire  in  the  form  of  a  helix,  such 
forces  will  be  set  up  that  if  a  soft  iron  cure  be  placed  within 
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tbe  lielix  it  vjll  be  drawn  lu  a.  central  posjlion  if  Tree  la 
move.  Thtreforc.  it  is  clear  that  if  an  iron  cnre  be  piSMd 
through  two  adjacent  c*n\i  and  the  current  run  through  one 
of  them,  thu  core  will  be  drawn  in  one  direction,  and  if  run 
thfdugh  the  uthcr  the  core  will  be  drawn  in  the  oppoutc 
direction. 


43.     A    Inn^itudinal    section  of 

shown  in 


Vto.  31. 


one  of    these    drills  a 
Fig.  ai.     The    rccipro- 
eating  motion    ia    given    to    tbe 
plunger  a  by  alternate  magnetic 
forces   produced    by    an     etcctrif 
current  passing  through  the  cniU 
&  and  r  alternately.     The  change 
of  current  from  one   coil  to  tlic 
other  is  effected  at  the  dynamo  ot 
generator,  and  oonsequenily  noth- 
ing but  common  connections  an 
needed  on  the  drill.     The  flexible 
cable  which  conveys  the  cvirrenl 
to  the  drill  consists  of  three  wire^_ 
one  of  which  i»  common  to  tl^| 
return  portion  of  each  of  the  two 
t'iri!uits   leading   from   the    c<ii 
The  connections  between  the  wi 
nf  the  cable  and  the  coils  are  m 
by  means  of  the  brass  plugs  </. 

The  plunger  is  rotated  by  1 
rifle  rod  r,  which  enters  a  rifle 
nut  at  the  end  of  the  plunger,  an^_ 
which  is  prevente<l  from   turnin^f 
during  the  backward  stroke  by  tlie 
ratchct-whcciy. 

The  large  spring  j-  not  only  ab- 
sorbs the  energy  of  the  plunger 
during  the  backward  stroke,  bat  it 
imparls  the  energy  thus  absorbed 
to  the  plunger  during  its  forward 
stroke,  thuii  enabling  the  drill 
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strike  a  heavy  blow.  The  feed-screw  h  is  turned  by  the 
crank  k,  but  when  desired  these  drills  are  provided  with 
automatic  feeds  similar  to  those  used  on  other  drills. 

In  case  the  bit  meets  with  no  resistance  and  the  stroke 
becomes  excessively  long,  the  plunger  is  prevented  from 
striking  the  brass  bushing  /  by  a  magnetic  force  set  up  in 
the  rear  coil.  The  plunger  runs  quite  freely,  having  a 
bearing  at  one  end  within  the  coils  and  another  in  the  front 
head  of  the  drill.  It  is  not  necessary  that  the  brass  bushing 
fit  the  shank  s  neatly,  as  an  air  or  a  steam  tight  joint  is  not 
required. 

The  principal  use  of  the  bushing  is  to  prevent  the  drill 
from  wabbling  when  starting  a  hole,  and  when  it  fails  to  do 
this,  new  bushing  is  readily  put  in. 

The  coils  are  made  of  bare  copper  wire  of  square  section 
wound  upon  a  steel  tube  provided  with  steel  heads.  The 
wire  is  insulated  with  pure  mica,  and  from  its  square  shape 
forms  a  solid  cylinder,  which  is  not  affected  by  the  jars  and 
shocks  to  which  the  machine  is  subject  while  working.  The 
coils  are  encased  in  iron  jackets,  which  make  them  imper- 
vious to  dirt  or  moisture. 


THB  HAND-POWBR   ROCK-DRILi:.. 

44.  Hand-power  rock-drills  resemble  somewhat,  in  their 
construction,  and  very  much  in  their  mode  of  action,  the 
steam  and  compressed-air  percussive  rock-drills.  They  are 
used  i)rincipally  in  places  where  steam  or  air  is  not  available, 
as  in  many  mines  and  tunnels,  and  are  more  economical 
thar  churn-drills  or  hammers  and  jumpers,  because  the 
energy  which  operates  the  drill  is  eccmomically  stored,  and 
very  little  of  it  is  lost  in  vibration, 

45.  Fig-  23  shows  the  Jackson  hand-power  percussive 
drill,  in  which  i"  is  the  chuck  on  the  end  of  the  piston 
and  in  which  the  bit  is  jilaced  and  rigidly  fastened.  C  is 
the  hand-crank  by  which  the  gear-whcei  G  is  directly 
turned.     This  wheel  gears  with  a  pinion  on  the  axle  of  the 
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fly-wheels  /•',  /•'     The  feed  is  automatic  or  regulated  by 
crank  //. 


Pig.  CL 

46.  Fig.  33  shows  a  longtttidina]  section  of  a  hand-powi 
dfill.  The  lar|i:t:and.  i^tnallgcar-whcuisarc  shown  in  dntti 
lines  at  m  and  n,  respectively,  and  the  fl>--whccls  in  a  full 
line  at  o.  U  will  be  s*:en  that  the  cams  /are  placed  upoa 
the  same  shaft  as  the  fly-wheels  and  the  small  gear-wheel 
and  that  they  arc  turned  very  rapidly  when  the  crank  /  i 
turned  by  ihc  operator,  the  ratio  being  3J  to  1.  The  cams 
are  sn  shaped  that  they  press  against  the  shoulder  f:  so  as 
to  compress  the  spring  a  little  and  store  up  energy  in  the 
fly-wheels  during  a  considerable  portion  of  their  revolution. 
During  the  remainder  of  their  revolution  they  rapidly  com- 
prejis  the  spring  In  its  limit  by  utilizing  the  stored  energy 
in  the  fly-wheels,  and  suddenly  release  the  shoulder  I  and 
allow  the  spring  g  to  shove  the  piston  a  forwards  with  great 
force.  In  this  way  the  drill,  which  is  fastened  in  the  chuck  i, 
is  made  to  strike  the  rock  with  hard  and  frequent  bl-iws^ 
The  drill  i«  turned  automatically  hy  the  rifle  //,  a*  in  steam 
or  rninpretised-air  percussive  drills,  and  incuse  all  resistance 
is  moved  aivay  from  it,  ihe  shoulder  c  acts  against  ihe 
spring  c,  which  gradually  absorbs  the  energy  of  the  piston 
and  prevents  any  serious  shocks  to  :he  machine. 

The  stroke  is  variable,  whioh  is  necessary  to  prevent  fitch- 
ering  while  starting  a  hole  or  boring  through  the  parting  d 


ns    I 
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o  seams,  and  the  operating  nttichanicm  is  ndv;inreil  as  the 

hole  t  n  c  rea  »e8  in 
depth  by  meuiiaof  the 
fccd-scrcw  li,  which 
isturncd  by  the  liand- 
crank  handle  /.  The 
f(!cd  is  also  automat- 
ic; the  •imall  ycar- 
whccl  near  the  tiip  of 
the  rifle  A  lurns  the 
gtMr-whcel  below  the 
ha  tidle  /,  which  in 
turn  rotates  the  feed- 
screw <i.  The  rota- 
ting and  check  wheels 
arc  placed  imn)cdi> 
atcly  below  tlir  small 
gcar-whcci  at  the  top 
ft  of  the  riHc  h,  and  the 
(5  drill  is  forced  to  turn 
"  one  way,  as  in  steam 
or  compressed-air 
drills.  The  support 
or  ccntcr-clain|i  stem 
i»  bolted  to  the  frame 
or  tripod  that  i»  u%cd 
to  hold  the  machine 
in  place.  These  drills 
are  very  efficient,  and 
strike  a  blow  vary- 
ing from  .'iO  to  AOO 
pounds,  dependin; 
upon  the  position  of 
the  tension  screw, 
which  is  held  in  place 
at  the  top  <if  the 
spring  g  by  a  small 
set-screw. 


28 
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47.  Fig.  34  sli'iws  a  Jones  hand-power  drill  mounted 
Upon  a  drilling  olunici  c,  for  drilling;  a  breast  ar  horizontal 
iliole,  The  drill  can  be  given  any  incliiintion  by  means  of 
tbe  dutch  which  is  operated  by  the  lever  /,  and  when  fiwd 
in  this  respect  it  is  further  steadied  by  ihe  s.lay-r<>d  r,  wlnjsc 
sharp  end  is  driven  into  the  face  nf  tht:  rock,  and  the  rud 


© 


Fig.  Si. 

finally  clamped  by  the  lever  /.     The  detail  construction  is 
shown  in  the  sectional  and  side  views  in  Fig.  25. 

The  guide  shell  a  contains  the  feed-rack,  which  isengaged 
by  the  feed  pawls  b.  The  rubber  friction  shoe  is  controlled 
by  the  friction  cam  handle  c.  In  operating  the  machine, 
the  mntilatcd  gear-wheel  d,  which  is  turned  directly  by  the 
crank  /■,  engages  with  the  piston  rack  cand  compresses  the 


^ 
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spriti);  /to  il;;  Ijmil,  when  .til  is  released  and  the  piston  and 
drill  arc  driven    forwards  with  great  force.     The   feed   i& 


] 


Fm.M. 

automatic,  being  prndticcd   hy  I  lie  shoulder  on  the  piston 
striking  against  the  biilTcr  ^  whenever  the  hole  is  advanced 
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far  enough.  ThcamuunL  the  shell  k  is  advanced  will  depend 
upon  the  force  with  ^vliich  the  jtislon  strikes  the  bufltcr  ^C 
and  the  pressure  upon  the  nibbcr  friction  shoe.  This 
advance  is  taken  up  by  the  feed  pawU  b,  which  arc  so 
arranged  that  the  amount  of  feed  or  advance  of  the  shell  b 
may  vary  from  ,Jo-  inoh  to  A  inches  per  revuhition. 

The  bit  is  rotated  automatically  by  means  of  the  wheel  r. 
which  rotates  the  piston  on  the  back  strolcc.  The  piston  is 
also  preventc<l  from  turnliij;  cither  way  on  the  oiitvard 
stroke  by  a  pnwi.  whcrcljy  fitchcring  is  prevented,  and 
therefore  single-edged  bits,  which  are  more  easily  sharpened 
than  doiihifi-edged  bits,  can  lie  used. 

An  advantage  of  this  drill  is  that  it  can  be  pulled  back  bj 
the  handle  tt  at  any  time  and  the  hole  cleaned  without  turt 
ing  any  screw  or  removing  the  drilling  colutnn.     In  usina 
hand-power  drills,  it  is  best  not  to  drill  holes  over  li  inch< 
in  diameter. 

4S.    Although  the  hand-power  drill  is  more  efficient  than 
the  hammer  and  jumper,  it  is  less  efficient  than  the  steam, 
compressed-air,  or  electric  drill,  because  there  is  more  fric-^, 
tion  due  to  the  moving  parts  and  less  motive  power.  ^H 

In  percussive  boring  in  rock,  water  is  used  whenever 
po!i»iblc  to  ahsist  in  cleaning  the  holes  of  debris  without 
interrupting  the  drilling,  and  at  the  same  time  it  prevents 
the  excL'ssivc  beating  of  the  cutting  edge  of  the  bit  and  its 
consequent  loss  of  temper. 


MHTHtmS    AM)    APPLIANCES    FOR    DBEP 
UOKINO. 

40.  There  arc  various  methods  and  appliances  for  deep 
boring  by  percussive  action,  some  of  which  arc  very  primi- 
tive and  used  only  as  makeshifts  in  rural  districts  where 
modern  boring  appliances  are  not  available. 

50,     The  most  efficient   makeshift   for  a  regular  deep." 
hole  rig  is  the  sj>ring-/'rh-  syslcw,  which  is  somelinies  usct 
in  drilling  comparatively  shallow  holes  for  water-supplj 
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prospecting,  etc.,  and  is  shown  in  Fig.  3C».  A  slender  tree 
with  considerable  siiring  in  it  is  cut  down  for  the  spring- 
pale/*.  Its  large  end  is  embedded  in  th«  ground  liy  digging 
a  ditch  in  the  direction  which  the  pole  must  havu  when  in 
place,  and  an<nh(^r  ditch  at  right  angles  to  the  first  one,  in 
which  the  log  /  is  placed  over  llic  hirgc  end  of  the  spring-pole. 
At  a  point  about  midway  between  the  ends  (»f  the  spring- 
pole  a  support  -S"  i.s  placed,  giving  the  pole  an  inclination  of 
about  30  degrees.  The  large  end  of  the  pole  and  also  the 
log  /  are  then  weighted  down  with  stone,  to  prevent  any 


'-;'wv.!Vf";^  ■"'^v.;- 1';-- 
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movement  while  the  operation  of  drilling  ib  going  on.  The 
bore  rods  arc  attached  to  the  smalt  end  of  the  pole  by  a 
chain  r  and  swivel  re  in  such  a  manner  that  the  drill-rods 
arc  held  in  equilibrium  by  the  ispring  of  the  pole.  The  rods 
arc  operated  by  twoor  four  men,  who  take  hold  of  the  handles 
on  the'cross  x  and  alternately  lift  and  force  the  drill-rods 
down,  and  at  the  same  time  mrn  them,  either  by  walking 
around  the  top  uf  the  hole  on  the  platform  ^  or  by  passing 
the  handles  of  the  cross  x  from  one  to  the  other  after 
each  blow, 

A  number  of  short  drill-rods  are  used  near  the  top  of  llie 
hole,  so  that  the  entire  length  of  the  rods  ran  be  lengthened 
whenever  the  cross  x  becomes  loo  low  for  the  men  to  effect- 
ively operate  it.  These  short  rods  are  finally  replaced  by  a 
long  one  and  again  used  as  before. 

Before  starting  the  hole,  it  is  necessary  that  a  pipe  / 
be  driven  into  the  ground  to  guide  the  rods,  and  in  the 
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event  tliAt  tim  surface  h  rocky,  a  guid«  hole  is  bored  with 
the  hammur  and  drill  or  jumper.  In  either  case,  the  j>jpe 
or  b(ire  hnle  should  be  pcrfccil)*  vertical,  so  thai  the  Hole 
proper  will  continue  straight  and  vertical  to  the  end.  Water 
is  poured  into  the  hole  when  necessary,  and  the  debris  'a 
taken  mit  in  the  stiape  of  slime  or  mud  by  means  of  a  sand- 
pump,  explained  later. 

With  this  method,  the  men  have  no  weight  to  lift.  Their 
energy  in  exerted  in  forcinj;  the  rods  downwards,  which, 
aided  by  the  weiRhi  of  the  rods,  eauBt's  the  hit  to  strike  the 
rock  with  great  force.  By  means  of  the  sprlng-fiole  method, 
holes  can  readily  be  drilled  to  a  depth  of  150  feet. 


51.  Sometimes  when  it  h  not  essential  to  have  a  h 
bored  in  any  cjcacl  location,  it  may  be  started  under  a  tree 
having  a  suitable  branch  which  can  be  used  to  perform  the 
same  function  as  the  spring-pole  previously  explained.  Or, 
the  drill-rods  may  be  s»spendt-<I  from  the  middle  of  the 
branch  and  ropes  tied  to  its  end,  which  arc  pulled  by  men 
until  Lhc  bit  has  reached  the  boltum  of  the  hole  and  con* 
sidcrable  slack  is  produced  in  the  chain  supporting  the 
rods,  Then,  by  suddenly  releasing  the  ropes,  the  bit  is  made 
to  strike  the  bottom  of  the  hole  a  number  of  times  by  the 
vibration  of  the  branch.  The  men  then  repeal  the  opera- 
tion, and  in  this  manner  continue  the  hole  to  the  reijuirci 
depth. 


4 


ft2.  Early  in  the  history  of  boring  with  r«<ls,  it  wi 
found  that  after  a  depth  of  about  300  feet  was  reached,  the 
rods  would  break  on  account  of  ll.e  excessive  vibration,  and 
to  overcome  this  difficulty,  Kind  and  Chaudron  inventwi 
the  free-falling  cutter.  In  ihis  method  a  portion  of  th«  rods 
near  the  bit  does  the  cutting,  while  the  long  line  of  rods 
abuve  thi.s  portion  is  simply  u^d  to  raise  the  lowei  ]>art  a 
short  distance  and  automatically  let  it  drop  to  the  bottom 
nf  the  hole.  A  piston  about  iIil'  sixe  of  the  hole  is  aliacH 
lo  the  bottom  of  the  upper  k-nglh  of  rods,  and  it  isalwn 
kept    submerged   in   water  during  the    process  of   borin; 
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Whenever  the  TiA'n  Iit-pfhi  to  desccncl, 
llie  resJHtance  of  llie  water  iijxin  this 
pistim  releases  the  lower  portion  of  the 
rods,  which  falls  by  Kravity  and  im- 
parts to  the  bit  it!*  ciiltinff  force  when 
il  ffaohes  the  Iwntom  of  the  hole. 
The  inp  portion  of  the  rods  is  slowly 
lowered  aiwl  anloniatically  connects 
tmt  *''''  ^^*-"  '"wcr  portion,  whereby  it  is 
lifted  and  the  <»peralion  of  falling  re- 
peated. Uy  this  iiH-lhod,  holes  arc 
drilled  to  a  depth  of  l.'JOO  feet  more 
readily  than  they  can  be  drilEed  to  a 
depth  of  3()0  feel  by  the  solid-rod 
method. 

53.     In   the    Aniericati    system  of 
boring,  a  rope  is  u»ed  instead  of  rods 
to  ojicrute  the  tools  at  the  liottom  of 
the  holfi.       This  method    is  n   great 
improvement  over  the  Kind-Chaudrorj 
method,  beeaii.sc  there  is  no  discon- 
neotinu  of  rods  and  the  tools  can  be 
removed  from  ihc  hole  and  replaced 
with  great  despatch. 
The  clcaiiini^  of  the 
debris  from  the  bot- 
tom of  the  hole  can 
al«i.i     lie    done    with 
equal  rii[)idity. 


i-£\ii 
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54.  I-i{[.  27  shows 
a  string  of  tools  in  a 
hole  bored  through 
different  strata.  Jt 
will  be   noticed    that 
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the  order  of  the  tools  is  the  rope,  the  ropc>£ucket, 
sinker-bar,  the  jars,  the  auger-stem,  and  the  bit.     Tbc 
hawKcr-laicI  cable  shown  in  Fig.  ?8  tonsisls  of  thn-e  small 
ro[j«  iwinlcd   to   form  one.     Thi»  insures  a  iiiaximuin  ^^^ 
elasticity  and  strength.  ^H 

65.  Fiff.  ?9  shows  a  temper-screw  by  which  the  lengi^ 
of  the  rope  is  adjusted  to-&uit  Che  advance  of  the  hol^ 
The  rope  A'  is  held  in  place  by  xi 
jaws  wiiltin  the  socket  >S"  T,  which  ar 
forced  together  by  the  screw  which 
Is  turned  by  the  Icvcr  A.  Thb 
socket  is  suspended  by  links  to  ihe 
swivel  //.  The  rope  is  wrapped  wUh 
tow  where  the  jaws  take  hold,  to 
prevent  the  threads  from  cutting. 
During  the  operation  of  drilling, 
the  rope  is  twisted  one  way  for  a 
whili:  and  thun  rcverxed,  and  id 
advanced  by  turning  the  lever  J^M 
When  the  sercw  in  the  link  A  fe^ 
run  out,  liic  threaded  jaws  at  the 
lower  end  of  the  link  A  are  scparat 
by  the  screw  J,  and  the  sere 
within  the  link  A  is  raised  and  tl 
threaded  jaws  agHiu  adjusted 
means  of  the  screw  /.  This  c>hii 
ales  the  necessity  of  turning  back  tl 
long  screw,  and  thus  greatly  facili 
tales  the  work.  The  tcmper-ser 
is  attarhcd  at  /;'  to  a  link  Muspcni 
front  The  walk'ng-beam,  which  will 
explained  further  on. 

56.     The  rope  is  connected  to  tli« 

string  of   tools  liy  the  socket  shown 

in  rig.  :tO.    It  is  first  placed  throHgh 

the  upper  portion  C/  and  the  jaws  5,  S,  and  then  tightly 
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clamped  by  screwing'  both  portions  U  and  L  together 
with  two  wrenches,  one  pluccd  on  the  square  portion  of 
f/  and  the  other  on  the  purtiun  /.  ;it  //.  The  upper  end  // 
of  the  sinker-bar,  shown  in  Fig.  31,  is  screwed  intu  the 
socket  at  A,  Fig.  30,  and  the  lower  end  /'  is  screwed 
on  the  end  (7  of  the  jars,  I-'ijj.  .12. 

The  upper  end  A'  of  the  uuKcr-slcm,  Fig.  33,  is 
screwed  into  the  lower  end  W  of  the  jars,  and 
finally  the  bit  is  Bt-rewcd  into  tho  end  f  of  the 
auger-stem.  The  sinkcr-har,  which  is  ithnnt  18  feet 
long,  keeps  the  rope  taut  and  the  upper  part  of 
the  jars  in  line,  and  the  auger-stem,  whirh  varies 
in  length    from  six  to  forty-five  feet,    depending 


8 


Fw,  n. 


upon  the  size  of  hole  and  kind  t,(  rock,  keeps  Uie  lower  part 
of  the  jars  in  line  and  guides  and  ini|>arl!«  the  cuttiii^;  force 
to  the  biL 
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The  jars  arc  about  7^  feet  long,  and  consist  of  two  Ur 
which  work  within  each  uther  like  two  tinkisof  a  chain, 
object  o(  thiti  luose  motiuii  is  lo  provide  mi-'ans.  by  whirli  iht 
sinker-bar,  when  lifted,  can  strike  a  blow  which  readily 
disengai^ea  the  bit  and  autjcr-stcm  in  case  they  arc  wcdgrd 
faat  <i[i  account  of  the  fluwnwurc]  blow.  In  ca:w  the  driller 
lets  out  Loo  mucli  rope,  the  upper  portion  of  the  jars  will 
strike  the  lower  portion  riiiring  the  downward  stroke,  and 
of  course  the  bit  will  he  lifted  btil  a  short  distance  during 
the  upward  sirnke.  Such  an  occurrence  Is  made  known  la 
the  driller  by  the  jar  felt  in  the  rope.  Sometimes  it 
upper  part  of  the  jars  is  allowed  to  strike  the  lorrr 
part  to  procure  a  double  blow  when  drilling  through 
very  hard  rock. 


57.  The  bits  used  in  deep  boring  are  similar  to  ih 
previousty  explained,  except  that  they  are  provided  with 
a  screw  on  one  end  by  which  thi-y 
ran  be  attached  to  the  nuger-stcnts. 
Pig.  34  shows  two  kinds  of  bits  grn> 
crally  used  for  deep  boring.  A  is 
a  three-winged  bit,  as  shown  by  its 
plan  C,  and  ^  is  a  ^  bit,  .is  shown 
in  plan  at  D. 

An  experienced  driller  can  deter- 
mine with  considerable  accuracy  the 
nature  and  thickness  of  each  stra- 
tum passed  through  by  the  differ- 
ence in  rate  of  cutting  and  the  feel 
of  the  rope.  Examinations  of  th 
debris  remove:*]  by  the  sand-pump  a 
however,  depended  upon  for  positi 
information. 


1 1^1 
rrr     ' 
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58.  The  dimensions  and  weights 
of  the  several  parts  of  an  ordinary 
string  of  tools  are  approximately  given  in  the  fallowing 
table: 


i 
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Namr. 

I.en|{th. 

UUmcter. 

VTright. 

R(ipc-s«ckct. 

3  (U  0  in. 

eoiu 

Sinker-bar, 

l»(t. 

3^  in. 

MO  lb.    1 

Jars, 

7  ft.  4  in. 

S^in. 

3Wlb. 

AuK»T-stem, 

80  ft. 

l.OWlb. 

Bit. 

3  ft.  3  in. 

UO  lb. 

59.  Fig.  35  is  a  slecl  derrick,  which  afTorda  an  ejicclloii 
illusLratioii  of  the  um:s  i>(  the  n^pc  IF,  the  walk  in  t;- beam  I, 
the  bull-wheel  />',  the  band-whuel  (t,  and  the  sand-reel  V. 
The  n-nlkin)r-l>e.im  is  directly  connected  tuihe  string  of  tools 
by  the  teni[)er-ticrt!W  .V  and  the  rope  C  The  bull. wheel  B 
•and  drill  rnpi?  IKarc  used  fi>r  hoisting  and  lowering  the  louls. 
The  sand-rccI  I 'is  used  to  raise  and  lower  the  sand-pump/' 
with  the  rope  A.  The  band-wheel  (i  is  turned  by  the  rope  t/ 
which  pasHss  around  the  band-wheel  on  the  enj^inc. 

60*  Derricks  arc  built  »f  wood  or  structural  steel  and 
are  about  2U  feet  square  at  The  base  and  alxmt  80  feet  high, 
the  size  dcpi-miing  upon  the  length  of  the  string  of  tivili^H 
The  nst;  uf  the  walking-beam,  which  is  actuated  by  a  cranlr^^ 
is  to  lift  and  drop  the  tools  alternately.  It  has  a  stroke  «( 
alKJUt  3  feet  and  an  end  vel'»fity  of  about  l!  feet  per  scronil. 
which  is  sufliciciJl,  a:>  it  is  found  that  owing  to  the  resistance 
due  to  the  water  and  dcbri«  in  the  hole  and  lateral  friction, 
tile  tools  can  not  drop  any  faster  by  gravity.  A  veloetly  of 
W  feel  per  second  will  cause  an  augcr-stcm  weighing  l,2fHi 
pounds  to  strike  a  blow  the  mean  cutting'  force  of  which 
can  be  cakruhited  as  follows:  Suppose  the  cutting  to  l>e  doi 
through  a  .space  of  J-  inch,  then  the  average  cutting  force 

C"  X  1,SOO  X  4  X  13 


2  X  32.10 


=  3i,i^il  pounds  s  IR.l  tons. 


61*     Pig-  3(1  shows  a  wondtn  derrick  at  which  a  guidir 
drive  or  bore  tube  is  bsing  driven  to  place.     The  cranV 
the  band-wheel   C  is   connected  by  a  short  rope  V?  to 
boring  rope  at  Ji.      As  the  band-wheel  rotates,  its  crai 
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imparls  a  reciprocaiing  niolioii  lo  the  short  rope,  vhi 
deftecis  th«  baring  Tope  and  lifts  and  then  drups  i 
wfighl  5  upon  the  drive  head  U.  The  tube  T  is  th 
Jrivcn  into  the  bore  hwle.  The  man  is  reKulalinjc  t 
nperation  by  means  of  a  band  brake  on  the  Ltiil-whccl /-'. 
It  will  be  9L*en  that  for  thi»  work  the  walking-bcara  11'  i: 
clisr<mii«cl«i  irom  the  crank  cm  the  wheel  C- 


H2.     Pig.  ilT  shovs  a  sand-pump  used  to  clean  out  t 
holes.     A  valve  is  placed  near  its  lovrcr  end,  and  as  the 


I 
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pump  is  worked  up  and  down  at  the  bntlom  o(  the  ho 
the  debris  is  forced  into  it  and  raised  m  the  surface.     The 
piston  within  the  pump  assists  in  filling  the  pump  with  tttc 
debris.     The  hole  is  Rcnerally  cleaned  out  when  the  tO' 
are  taken  out  to  repl.ir*-  a  bit, 

63.     In  sinking  llirouKh  soft  ground,  the  hole  is  lined 
with  a  drive  or  guide  tube,  which  »crvcs  the  double  purpose 
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of  keeping  back  the  grountl  and  keeping  the  tools  in  a 
perfectly  verticil  position.  Fig.  38  shows  a  portion  of  iwo 
drive  tubes  fastened  together  with  a  thimhie  7".  Whether 
hard  or  Mifc,  the  upper  portion  of  the  hole  is  always  encased 
for  oil'Wclls. 

Fig.  39  shows  a  drive  head,  which  is 
.screwed  on  the  drive  tube  so  that  it  can 
be  driven  into  the  hole. 


pio.  at. 


04.  In  measures  with  but  little  incli- 
nation the  tendency  of  the  drill  is  to 
cut  exactly  vertically,  but  in  pitching 
measures  there  is  a  tendency  of  the  bit 
to  leave  a  vertical  line  when  pas^irlf; 
from  a  comparatively  soft  stratum  into  a  harder  one.  This 
tendency  is  so  strong  Lh:it  even  most  exfierienced  drillers 
arc  sometimes  unable  to  overcome  it,  though,  as  a  rule, 
competent  drillers  detect  it  (Quickly,  and  lake  steps  to  pre- 
vent it.  A  hole  not  vertical  throughout  its  wholtf  length  is 
very  troublesome  if  for  any  reason  it  is  desired  to  case  it 
throughout  or  to  pasK  a  haulage  rope  through  it,  because 
the  rope  will  strike  the  sides  and  will  in  a  short  time  be 
ruined. 

05.  In  casing  holes,  the  general  plan  is  to  use  a  casing 
whose  outside  diameter  is  slightly  less  than  the  diameter 
of  the  hule,  the  space  between  the  pipe  and  hole  being 
carefully  lillcd  with  Portland  cement. 

In  case  the  hole  meets  a  fissure  in  the  rock  which  drains 
it  or  admits  surface  water,  seed-bagtn  are  used  to  close  such 
crevice  until  the  casing  is  put  in.  They  are  also  used  to 
make  a  packing  at  the  end  of  the  casing  tube  previous  to 
putting  in  the  cement.  These  Mttcd-bniEK  arc  small  bags 
filled  with  flaxseed,  which  rapidly  iswclls  when  wet,  and  thus 
fills  up  the  space  to  be  closed. 

86>  Fishing  or  grappling  tools  are  so  numerous  and  of 
such  great  variety  that  it  would  be  useless  to  tfiuch  upon 
thcni  in  this  Paper.  The  operation  of  tishing  for  toots  is 
indeed  a  business  in  itself.     Reamers  arc  also  of  many  kinds, 
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and  therefore  but  one  will  be  given,  more  to  show  tbcir 
use  than  tbeir  construction.  Fig.  40  shows  a  reamer 
ciilarginK  a  hole,  the  upfwr  portion  (4 
which  is  lined  with  drive  lubes.  Il 
will  l»e  seen  that  the  lower  portion  rf 
the  reumer  nejiily  fits  into  the  hole  and 
mukca  tlie  cuttiuf;  projection  cut  ma- 
centrical  I  y  to  the  hole. 


H 
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PORTABLE    PEUCVSSIVK-nOR-' 
ING    MACillXHH. 

67.  Experience  in  the  oil  country, 
particularly  in  Pennsylvania  and  Ohio, 
has  proved  that  boring  with  the  waik- 
itig-beam  is  the  most  practical,  conse^J 
qiienily  no  effort  has  been  spared  to 
make  an  efficient  and  practical  port* 
able  machine  with  a  walking-bear 
Many  portable dhiling-machineshavif 
a  release  gear  for  allowing  a  long  lever,' 
to  which  the  tools  are  attached,  to 
drop  when  il  reaches  its  highest  point, 
arc  built;  but  for  deejj  holes  ihey  have 
been  largely  displaced  by  machines  lik^l 
that  shown  in  Fig.  41.  Such  machines' 
arc  drawn  from  place  to  place  by 
horses,  but  sometimes  they  are  pro- 
vided with  tractiomgear  run  by  il 
engine. 

When  the  walking-beam  i  is  not 
use,  the  pitman/  is  detached  from  the 
wrist-pin  on  the  crank  which  is  at  the 
fiir  end  of  the  shaft  on  which  the  pulley  x 
is  placed,  and  placed  upon  the  groundi 
shown.     The  engine  /  <Irives  the  small  pulley  //,  which 
turn  drives  the  large  pulley  .r.     The  sand-pump  s  is  rais 
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and  lowered  by  the  satid-linc  /,  which  is  vntiiid  upon  a  reel 
actuated  by  the  friction-whccl  :<'.  The  operation  of  this 
machine  is  the  same  as  that  of  a  rig  in  which  a  walking- 


pro.  u. 

Beam  is  used.  It  is  provtdwl  with  Miller's  patent  spudding- 
and  pipe-driving  iiuachmcnls,  sliowii  in  Fig,  42,  which  arc 
used  principally  for  driving  bore  tubes  and  starting  holes 
or  boring  down  to  the  sviid  rotk,  or  at  least  to  a  depth  of 
60  feet,  after  which  the  walking-beam  is  used. 

The  derrick  t'JB  placed  upon  one  end  of  the  machine,  as 
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can  be  se«n  in  Fig.  il.  The  transverse  drive  shaft  a,  which 
is  rotated  by  an  engine  with  any  suitable  connectic^ns,  isaUo 
placed  upon  the  main  frame  ^(i  Ihe  machine.  This  shaft 
a  crank  Lo  which  one  ciid  of  tliv  rod  c  is  attached  bv 


strap  6.  The  other  end  of  the  rod  is  attached  niidwaj 
between  the  ends  uf  thi:  lever  (/,  which  is  rigidly  connected 
lo  the  rocker-shaft  s.  The  deeply  grooved  pulley  f  is  jouf- 
naled  at  the  end  of  the  lever  f/,  and  is  adaptt^d'to  receive  the 
drill  rope.  It  has  a  wide  llangc  on  one  side  to  guide  and 
steady  the  rope,  which  has  a  L-umulative  vibration  during 
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tXxc   process  of   dputltling,   as  drilHiig   with    thin   device  la 

tailed. 

The  drill  rope,  which  is 

tround  upon  the:  windla:is 

/.  passes  over  the  giiide- 

piitley_^and  the  pidleyg  e 

and  //,  and  its  end  is  at- 
tached to  the  string   of 

toots. 

When  the  drive  shaft 
(0  is  rotated,   the  crank 

causes  the  lever  //  and 
[the  pulley  c  to  muvc  to 
land  fro,  as  shown  by  the 

dotLctl  lines.  As  this 
ipiillcy  is  at  the  bi)iht  tif 

the  drill  rope,  it  will  be 

seen  that  the  rope  is 
.alternately  quickly  pulled 

in  and  paid  out  and  the 
jto^ls  given  a  reciproca- 
!tinK  luoiion. 

[    68.    Pig.  43  shows  a 

(portable    boring;    rig, 

'which   is    mo  vcd    frt>m 

jplaoe  tr>  place  in  wajjons; 

it  IK  similar  in  its  opera* 

to   other    rigs   and  '''"'  **■ 

not  be  explained  after  what  has  already  been  given. 
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Any  form  of  boring  in  which  the  cutting-tool    is 


|tumed  and  pressed  forward  at  the  same  time  is  lermcd 

rotary  Uorlnji.     Rxrcjit  where  the  rock  is  hard,  it  is  the 

.must    rapid   and    cfticicnt,    and    even    under   such   circum- 

[stances  rotary  boring  is   best  if  diamond  bits  arc  used. 
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The  action  of  a  rnt. 
one  in  that  it  ciit^i  in  planes  nearly 
o{  the  hole,  while  the  percussive  bit 
tbe  axis  uf  the  hole 


bit  dilTcrs  Trnin  that  of  a  penrussil 
perpendicular  to  the; 
cuts  in  planes  parallel  to 
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l-'ilieMS  or  STKBI,   BITS  TOH   ROTARV  BORIX 

7<>.     A  riitary  drill  with  a  st«;el  bit  tan  not  bore  a  hole 

in  very  hard  rock,  and  even  in  boring:  moderately  soft  nx-k 

great  care  must  be  exer- 
cised in  order  to  give  the 
bit  the  best  form.  Fcr 
example,  the  bit  of  n 
rolary  drill  ran  not  he 
made  even  approximately 
the  same  shape  as  a  bit 
for  a  percussive  drill 
For  example,  if  a  bit 
shaped  like  that  shovn 
in  Fig.  44  was  forced 
deeply  into  the  rock  It, 
it  could  not  turn,  and  If 

great  force  was  used  in  an  endeavor  to  turn  it.  it  would 

break.     Ivven  if  little  pressure  was  put  upon  the  bit  when 

turning  from  a  to  b,  as  indicated  by  the  arrows,  the  &harp 

edge  would  cither  break  or  turn  over. 

It  is  not  sufficient,  however,  to  make  the  bit  of  such  shape 

as   will    preveni   it    from 

taking  \vo  great  a  hold 

in    the    rock.       For    ex- 
ample, the  bit  C.  Pig.  45, 

which  13  su  t.hapcd,  can 

not   be   forced    into   tlv 

rock  deeply   lieeause   tin 

angle  a  b  d  n  nearly    i 

right  angle,  making  /'  <f 

ncarl  y     paral  lei     t  <  i     1 1  h' 

rnck  surface.     Such  a  bit 

would    be  very    strong:,  fio.  » 
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but  it  would  form  a  step  it  b  which  woukl  !«  very  cJifiicult 
to  rcmnvc.  and  cunsfquciitly  ihc  bit  would  rc»|uirc  an 
cnurmuus  force  to  turn  it  in  the  direction  indicated  by  the 
arrows. 

71.  The  proper  shnpc  for  a  si«f  I  bit  for  ruiary  boring  is 
shown  in  Fig.  46.  The  edge  ^  f  is  nearly  {larallel  lu  the 
rock  surface,  which  pre- 
vents the  bit  from  ta- 
king t'jo  great  a  hold  in 
the  roL-k,  U  will  be  ob- 
served that  the  edge  a  b 
is  inclined  so  as  to  make 
the  angle  a  b  c  quite 
acute,  and  at  the  sam-- 
time  throw  the  ciiiu  i.i 
edge  b  in  advance,  in 
order  to  give  tlie  bit  a 
chance  to  both  cut  and 
lift  the  step  at  the  same  time, 
removed  with  the  least  amount  of  power  when  the  bit  C  is 
rotated  as  indicated  by  the  arrows.  Figs.  44,  45.  and  10 
do  not  represent  real  elevations  or  perspective  ilrawingsof 
bits  in  holes,  but  simply  show  the  principles  upon  which 
efficient  or  defective  bits  arc  made,  and  will  therefore  enable 
the  smdcnt  to  understand  the  proper  shape  of  good  bits, 
which  arc  shown  in  connection  with  the  drilling- machines 
described  later. 
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The  material  is  therefore 
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72i  Hand-<irillin(»  machines  for  rotnry  borinj;  are  prin- 
cipally used  in  coal-mines  and  for  boring  in  soft  rock. 
There  are  three  classes  of  these  m.ichincs:  (1)  Those  in 
which  the  cutting  bit  is  advanced  by  a  feed-screw  having 
fr<»m  6  la  1 1  threads  per  inch  and  turned  with  a  crank 
attached  dircclly  to  one  end  of  the  fccd-scrcw.  (2)  Those 
having  variable  feeders,  which  advance  the  bit  1  inch  ia 
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from  C  to    lOO    revolutions.       (3)  Those    provided   iriii 
pawl  and  ratchet-wheel  for  boring  holes  close  and  parallel ' 
a  waU  face;  they  are  called  nitulicis. 


POBTS  AND  ORIPtS  FOR   MA.vn<nRlt.l,IKG   MACIIINeS. 

73.  On  account  nt  the  reactionary  force  produced  by  all 
rotary  drills,  it  is  necessary  to  have  iiome  form  of  post 
grip  to  hold  such  machines  in  place  or  up  to  their  work. 

74.  A  very  common  form  of  post  is  shown  in  Fig.  4T. 
The  iKJSt  /*  IS  scl  up  a  short  distance  from  the  working- 
face  and  inclined  with  its  foot  inwards.  The  pin  /  ii 
inserted  int*)  the  bottom,  or,  if  the  bottom  is  soft,  into  a 
plank  placed  thereon,  and  the  post  tJKhlened  Ity  the  jacl:- 
Kcrew  being  forced  by  means  of  the  lever  y  tightly  into  a 

pick   hole    made   in   the  roof. 

When  this   is  done,   the  slion 

drill  a  is  put  in  the  socket  on 

the  fced-scrcff  and  the  drill  run 

through  the  post.     The  nut  or 

cup     is     placed    in    whichever 

notches  will  give  the  drill  the 

projiLT  elevation.       The  crank 

un  the  end  of  the  fccd-sctcw  is 

then  turned  until  the  short  drill 

has  burcd  ii  distance  ctjual  tu 

its  length,  when  it  is  taken  out, 

the  nut  screwed  up  to  the  socket, 

and  the  second  drill  fi  inserted. 

,  Finally,  the  third  drill  r  isused. 

I      I  and  this  usually  completes  the 

„  hole.      The  twist  on  these  drilb 

Km.  47, 

automatically  cleans  ibc  hole, 
but  before  the  charge  i>f  powder  is  inserted  a  scraper  is  used 
to  thorniighiy  dean  it. 

The  reason  several  drills  of  diflFerent  lengths  arc  used 
to  produce  steadiness  and  obviate  the  necessity  of  moving 


g  3ti       PERCUSSIVE  AND  ROTARY  BORING. 


4d 


the  pose  forvarcts  after  each  driJt  is  advanced;  for  instance, 
if  the  loDg  drill  e  is  ubc<1  6rst,  the  post  /'must  be  s«t  back 
from  the  working-face  so  far  ihal  serious  wabbling  will  be 
produced  while  mniing  ihe  crank,  and  when  the  ftcd-scrcw 
has  reached  Jl3  limit  the  post  will  hax'e  to  be  moved  forwards. 
The  length  of  the  pfjst  /*is  varied  to  suit  the  thickness  of 
the  scam  at  the  place  where  it  is  to  beset  up  by  sliding  the 
middle  piece  between  the  other  two,  and  finally  inserting 
iron  pins  in  the  hules  which  [>a!is  thruugli  the  lower  b»rids 
and  the  three  pieces  which  comprise  the  woodwork  of  the 
post. 


7fi>  Fig.  48  shows  an  iron  post  with  the  lengthener  at 
the  top  and  the  jack-screw  at  the  bottom.  This  is  the 
better  arrangement  where 
thes«ami»  thick,  but  in  any 
case  where  the  seam  is  not 
over  C  feet  thick  it  is  more 
convenient  to  have  the  jack- 
screw  at  the  top  of  the  post. 
The  feed-screw,  and  with  it 
the  drill,  is  turned  by  a 
system  of  bevel-gears  and 
a  side  crank,  which  must 
be  turned  a  uumbt-rof  times 
for  each  turn  of  the  large 
gear-whee]  on  the  feed- 
screw. There  vs.  a  feather 
or  projection  within  the 
large  gear  -  wheel  which 
works  in  a  longitudiniil  slot 
in  the  fccd-scrcw,  by  which 
means  the  feed  -  screw  is 
turned  and  at  the  same 
lime  passed  through  the 
I.irge  gear  -  wheel.  The 
frame  carrying  the  gear 
mechanism  slides  upon  the 
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two  legs  uf  ihc  pust  and  is  belt)  in  any  position  by 
screws. 

7«.     Fig.  4!i  shows  a  post,  the  framework  Pot  whicli] 
made  of  cast  steel  and  is  double  for  almost  its  entire  Irnji 

The  foot  pin  /h  short. 
the  jack-screw  j  is  placed 
the   top   and    turned  by 
wheel.      This  post  is  v 
rigid,    and    being    note 
from  top  to  biJtiom.  b 
can  be  bored  at  almost 
level.  Thcdrilling-nuK: 
u&ed  with  this  post  is 
vitled  with  beveled  mccl 
nisin  and  two  side  era 
and  is  used  principally  I 
drilliiiglnng  holes  approscb* 
ing  old   workings  cuniun- 
ing  accumulation*  of  ga>  ^.'t 
water,     providing    trans 
mitted    energy,    such    as 
electricity    or     comprcBsed 
air,  i<s  not  available  to  r 
jiower  drills. 


Pia.«. 
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7  7-  ll  often  happens  that'  the  seam  of  coal  is  so  high 
thil  jjLisis  are  inipracticaljlc;  in  such  cases,  grips  which  arc 
fastened  to  ihe  working-fiice  are  used.  Pig,  M  shows  a 
very  simple  form  of  grip. 

In  setting  up  this  grip,  a  i^liort  hole  is  Iwrcd  near  where 
the  regular  hole  is  to  be  started  and  the  bar^',  which  has 
several  upward  teeth  on  its  end,  is  inserted  in  the  hole  and 
an  iron  wedge  driven  in  below  it.  Tins  securely  fasirns 
the  bar,  and  the  iccth  which  arc  forced  into  the  top  uf  ihc 
short  hole  near  its  back  prevent  the  bar  Cn5m  being  pulled 
out  by  the  reactionary  force  of  the  drill.  The  support 
which  holds  the  cup  l>  is  pivotally  connected  to  the  end  "f 
the  bar^,  and  adapts  itself  to  the  direction  of  the  reaction- 
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ary  force  produced  by  turning  the  feed-screw  y.     The  pre- 
liminary hole  is  drillctl  with  a  churn-drill,  or  special  small 
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auger  as  seen  standing  with  the  drills  at  the   face.     The 
crank  Kh'»wn  t^  of  the  diijilex  type,  and  enables  the  operator 
F.    W.Sl 
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to  use  both  hands.     It  is  evident  that  holes  can  be  bored  i 
many  directions  with  one  scttini^  of  the  bar,   and  an 
hole  may  form  a  support  for  the  bar. 

78.  Fig.  51  shows  an  excellent  grip,  which  can  be  put  ii 
place  quickly,  there  being  no  wedge  required  as  in  Fig.  '>'' 
Aside  from  the  rapidity  with  which  this  grip  can  be  set  m 
place,  it  has  the  additional  advantage  of  gripping  thefi>aldi  m 
rork  at  the  back  of  the  preliminary  hole,  and  cunsequentlj^ 
the  material  surrounding  the  grip  docs  not  become  shatteretl 
antl  allow  the  bar  to  fall  away  during  the  operation  of  l»)r- 
ing,  as  is  often  the  case  when  a  wedge  is  used  to  fasten  tiic 
bar  to  the  coal  or  rock. 


J 


AUGER    FOWliU    UIIILUM. 

7S.     Fig.  5'i  shows  a  rotary  drill  run  by  compressed  alt 
and  also  fed  by  air.     The  engine  which  drives  the  drill  h  a 
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small  rotary  one  placed  butwccn  the  bifurcations  «f  the] 
and  above  the  ttupporls  which  hold  it  in  any  desired  posiiie 
Instead  of  a  feed-screw,  there  is  a  piston-rod  in  the  cyll 
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tier  (z,  which  is  acted  upon  by  the  air,  and  forced  outwards 
as  the  hole  advances.  The  small  pinion  on  the  motor  shaft 
ffcars  internally  with  the  wheel  b,  which  turns  the  piston-rod 
and  auger  e.  It  is  clear  thai  while  the  wheel  b  turns  the 
piston,  it  also  permits  it  to  move  longitudinally.  This  is 
accomplished  by  means  of  a  fcathtr  and  slut,  as  in  other 
drills.  The  brace  r  siippurta  the  extra  weight  at  the  rear  of 
the  post,  and  the  brace  ti  makes  the  post  more  rijtid.  The 
augur  can  be  advanced  with  a  constant  pressure,  and  there- 
fore the  bit  is  not  likely  to  break  when  it  meets  any  hard 
substance.  The  air  is  admitted  to  the  cylinder  a  throiijfh 
the  valve/,  and  to  the  rotary  engine  through  the  valve ^. 

80.     Fig.  5;i  shows  a  Jeffrey  rotary  electric  coal  drill. 
A  small  motor  uf  from  1^  to  ^  horsepower  is  enclosed  in  a 
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case,  and  on  the  end  o(  its  armature  shaft  Is  a  small  pinion 
which  gears  with  the  large  wheel  l>.  The  current  is  supplied 
through  the  cable  c.  The  drill  *:an  be  given  any  elevation 
and  clamped  at  any  level  by  the  lever  li.  It  will  be  noticed 
that  there  is  a  longitudinal  slot  in  the  feed-screw  /■,  in  which 
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a  feailitT  or  projection  on  the  gear-wheel  b  runs  as  lliefe 
screw  and  drill /arc  turned.     There  are  two  drills  used  fd 
each  hole  over  3  (eet  deep;  one  is  3  feet  long  and  the  oil 
6  feet  long.     The  Lime  required  to  drill  a  G-fcx>t  hule  in  onlf 
nary  bituminous  coal  with  this  drill  is  from  I  to  4  minutes. 


THU    UATCUeT. 

SI.  It  frequently  happens  in  mining  work  that 
must  be  drilled  cliifie  to  and  parallel  with  the  roof,  flo 
sides  of  an  entry  or  breast .  This  can  easily  be  accomplished 
with  such  machines  as  shown  in  Figs.  fi4  and  05,  providirj 
it  is  not  required  to  bore  the  botes  closer  than  a  few  inches 
to  the  roof,  floor,  or  sides  of  the  workinii;  place  and  the 
material  is  not  very  hard;  hut  where  the  holes  must  be 
bored  next  the  rnijf,  floor,  or  sides,  nr  some  distance  from 
them,  In  reasonably  hard  rock,  such  as  soft  sandstone,  tlie 
ratchet  is  used.  It  is  the  most  rigid  of  hand-drillJng 
machines  for  rotary  boring. 

H'Z,     Fig.  54  shows  a  very  strong  form  of  ratchet  whi* 
is  largely  used  for  tunnel  and  mine  work.     This  ratchet 
shown  in  position  for  drilling  a  hole  in  the  rock  overlyir 


no.  M. 
the  coal.     The  tube  /  is  about  2^  feet  long  and  3  inches  in" 
diameter,  and  lias  the  threaded  nut  n  welded  to  one  of  iis 
ends.     The  feed-screw  s  is  turned  by  the  lever  h^  which 
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operate*  a  ratclicl-wlu'cl  just  back  of  the  socket  in  which 
the  end  of  llie  drill  is  placed. 

To  set  up  the  ratchet,  a  short  hole  is  dug  in  the  proper 
place  on  the  face  of  the  rock,  and  another  in  the  roof  back 
from  the  roek  face  a  distance  a  lilite  greater  than  the  com- 
bined lengtli  uf  the  shurlest  drill  iind  ilu*  ratchet.  One  end 
of  the  post  /»  is  then  inserted  in  the  hole  iii  the  ruuf.  arid  the 
Dtht.T  end  is  placed  upon  an  inclined  tic  as  shown,  and  finally 
ihe  po&i  is  tightened  by  striking  it  near  the  bottom  with  a 
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sledge  or  hammer.  It  is  evident  that  the  greater  the  reac- 
tionary force  the  tighter  thu  post  will  get.  The  end  of  ihe 
shortest  drill  is  then  put  in  the  sockL-i  of  the  ratchet  and  all 
is  lifted  near  the  roof  and  the  bit  of  the  drill  inserted  in 
the  hole  which  was  picked  in  the  face  of  the  rock.  The 
rear  end  of  the  tube  r,  which  is  made  slightly  conical  so  as 
not  to  split  the  post  anil  at  the  same  time  not  slip  when  the 
drill  is  being:  operated,  is  finally  placed  against  the  post  and 
the  ratchet  and  drill  tightened  in  place  by  turning  the  tube 
or  operating  ihc  handle  //. 
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When  the  feed-screw  s  is  run  out  and   the  short  drill 
advanced  as  far  as  possible,  the  ratchet  is  taken  down  am) 
the  next  lunger  drill  inserted,  and  the  operation  repealed 
until  the   hole  reaches   the  required   depth.       During  th^ 
operation  of  the  ratchet  the  tube  is  prevented  from  tumir 
by  a  curved  pin  engaging  with  the  post  p.     Owing  to  tfc 
heat  and  friction  produced  by  boring  with  the  ratchet  cveiP 
in  moderately  soft  sandstone,  the  bits  must  be  changed  and      , 
sburpcncd  frequently.  ^| 

S3.     Fig.  6S  shows  another  form  of  ratchet  in  place  ffir^ 
boring  a  hole  close  aiiiuinst  ihc  bultum.     In  this  case  it 
not    necessary    to   incline    Lbc   post,  (or  almost  the  cntii 
reactionary  force  is  resisted  by  the  lower  end  of  the  post 
which  is  inserted  into  the  bottom.     The  man  is  operatir 
the  machine,  and  it  will  be  seen  that  the  tube  is  prevented 
from  turning  by  the  lever  and  pin  C. 
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A4.  The  diamond  drill  consists  essentially  of  a  to 
having  blaclc  diamonds  or  carbons  set  in  its  face,  and 
arranged  that  the  tool  can  be  rotated  in  such  a  rannner  as 
to  cause  the  diamonds  to  cut  the  rock,  while  a  stream  of_ 
water  removes  the  cuttings  as  fast  as  they  are  forrocd.^| 
The  piece  in  which  the  diamonds  are  set  is 
called  the  bit.  The  string  or  line  of  rods 
which  connect  the  hit  to  the  oixrrating 
mechanism  is  called  the  drill-rods.  In 
mining  worli,  diamond  drilling  Is  usiiallfj 
done  with  the  intention  of  bringing  a  wlid 
core  of  the  material  passed  through  to 
the  surface,  and  in  .such  a  case  the  bit  iij 
^^  ^  ~'"  practically  a  section  of  pipe  having  dia 
Pia.  M.  monds  set  in  its  lower  face. 

S5.  Fig.  M  illustrates  a  diamond  bit  having  diamonc 
a,  h  set  in  its  face.  The  diamoruls  a  cut  on  the  omsic 
and  face  of  the  bit,  while  the  diamonds  b  cut  on  the  insidfl 
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and  on  the  face  of  the  bit.  The  diamonds  make  sufficient 
clearance  to  permit  the  flow  of  water  vrithin  and  without 
the  steel  cylind«r  or  thtmble.  Radial  grooves  arc  itsually 
made  in  the  face  of  the  thimhie  between  tht.-  diamonds,  for 
the  purpose  of  providing  an  easy  pasitaj^c  fur  ihc  water  which 
carries  away  the  debris.  i 

SO.  When  it  is  not  desired  to  obuin  a  core  from  the 
formation,  a  bit  with  a  solid  face  may  be  used.  T1ii.s  is  in 
reality  simply  the  end  of  the  bar  of  iron  or  steel  having 
diamonds  so  set  as  to  remove  all  the  material  before  it. 
Water  to  wash  away  the  puttings  is  furnished  through  small 
holes  drilled  between  the  diamonds  in  such  a  manner  as  to 
connect  with  the  hole  in  the  drill-rods. 

87.  Two  kinds  of  diamonds,  carbons  and  borts,  are 
used  in  setting  bits  fur  diamond-drill  work.  The  carbon 
is  found  in  opaque  nodules  of  irregular  shape,  black  on 
the  outside,  and  of  various  xhadeH  of  gray  when  broken. 
It  lias  no  cleavage  planes,  tlitfcring  in  this  rcsjrect  from 
the  brilliant,  and  thus  is  especially  fitted  for  diamond- 
drill  work  in  hard  rock,  on  account  of  tlic  fact  that  the 
carbons  simply  wear  away  gradually  without  splitting  or 
cleaving.  The  borts  is  really  a  scini transparent  or  poor 
diamond.  In  general  appenmnce  the  rough  stone  is  similar 
to  a  rough  brilliant,  but  hat*  a  somewhat  different  crystal- 
lization. Carbons  are  found  in  llrazil,  borts  in  Brazil  and 
South  Africa,  For  hard  rock  the  drills  arc  set  with  carbons 
atone;  for  medium  rock,  with  part  carbons  and  part  borts; 
for  soft  rock  the  bit  is  occasionally  set  with  borts  alone. 
Borts  are  as  hard  as  the  carbons,  but  arc  not  as  tougli. 
Having  cleavage  |)lanes,  they  shatter  if  used  in  certain 
classes  of  bard  rock,  while  the  carbon  will  wear  away  slowly 
without  danger  nf  breaking, 

88.  Fig.  57  shows  the  bottom  of  a  diamond-drill  hole  in 
plan  and  section.  The  cure  C  is  formed  by  the  bit  cutting 
out  the  annular  sp.ice  ^  A".  In  order  to  bring  this  core  to 
ihc  surface,  some  device  mu-it  be  provided  for  breaking  it  off 
at  tUe  bottom  and  for  holding  it  in  the  tubes  while  it  is 
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being  hoUted.     The  breaking  of  ihe  core  and   the  Iioldinff' 
of  it.  in  the  Lubes  is  ari'otiiplishcd  by  means  of  a  corc-lificr. 
which  ainsiiits  uf  a  ring  so  constructed  that  it  will  grip  th 
core  near  its  base  whenever  the  rods  arc  raise*].      Fig, 
shows  one  f<Tm  of  corc-liftcr  ring,  and  Fig.  6H  shows  tl 
shell  in  which  it  operates. 


Fm.  tr. 
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89.  Fig.  <iO  illustrates  the  entire  line  of  tools  and  appli- 
ances used  in  the  ground  for  diamond  drilling.  It  is  a 
vcrliciil  seclirm  iliroiigli  a  diamond-drill  bole.  The  stand- 
pipe  n.  which  is  provided  with  a  shoe  a,  is  dri^'cn  into  the 
ground  until  it  readies  bed-rock,  for  the  purpose  of  protect' 
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ing  the  tlritl  hole.  The  casing  w  is 
put  down  through  ihe  u[]per  forma- 
tions,  wliich  tend  to  clog  the  hole  or 
carry  off  the  water  used  in  drilling. 
The  drill-rods/,  which  Iranstnit  power 
to  the  bit,  are  connected  to  the  core- 
barrel  u,  which  in  turn  is  connected 
to  the  core. lifter  shell.  The  bit  x  is 
scrcwt'don  the  lower  end  of  this  shell. 
The  water  whi4:h  is  forced  down 
ihroiijih  the  renter  of  the  drill-rods  / 
pas»e»  under  the  bit  and  carries  the 
cuttings  up  throufrl)  the  annular  space 
between  the  rods  nnd  the  hole,  or  the 
rods  and  the  casing,  as  indicated  by 
the  arrows.  When  the  rods  are  lifted 
from  the  hole,  the  corc-lifler  ring  xv, 
which  is  always  in  contact  with  the 
core,  slides  down  into  the  tapered 
recess  in  the  core-lifter  shell  v,  and 
bites  or  gripB  the  core  so  as  to  break 
it  t)ff  and  retain  it  in  the  core-bariel. 

The  drill-rods  arc  simply  pit^ccs  of 
extra  heavy  pipe,  and  arc  joint-d  to- 
gether hyinsidc  rouplinRs,  which  k'vc 
a  smooth  external  surface.  The  drill- 
rods  ore  ordinarily  in  lengths  of  from 
5  to  10  feet  each,  but  where  deepdrill- 
ing  is  to  be  done  Che  cost  of  these 
short  rods  Ifecoines  excessive,  owing 
to  the  fact  that  the  cost  of  so  many 
couplings  increases  the  cost  and  weight 
of  the  rods  very  much.  Hence,  for 
deep  work  special  drill-rods  from  20 
to  30  feet  long  are  sometimes  em- 
4>Ioycd.  The  driil-rods  arc  always 
uncou]>led  in  sertions  as  long  as  the 
derrick     will     haj^dlc.         There    arc 
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8e  veral  other  forms  of  corc-liftcrs  in  use  for  special  purpose\^ 
but  this  one  has  been  selected  as  being  the  most  cncDacni 
and  illustrating  the  principle  very  welL 

When  it  ii  desired  to  pull  up  an  old  racing  mt 
stand-pipe,  this  can  sometimes  be  acconiplis,twd 
by  means  of  an  ordinary  huistlng  drum  aoii 
rope.  In  other  cases,  it  becomes  neccssarT  ip 
put  clamps  on  the  casing  and  use  jack'Screv? 
to  pull  it  from  the  gT->und.  By  using  suffi- 
ciently heaTy  screws,  it  is  possible  to  exert  s 
force  which  will  part  the  casing  or  stand-pipe 
if  it  is  too  firmly  embedded  in  the  material, 
and  then  only  a  portion  of  the  tube  would  be 
recovered.  When  the  drilNrods  must  be  raised 
for  the  extraction  of  the  core  or  the  renewal 
of  the  bit,  the  hoisting  plug  or  lifting  swivel, 
eht^wn  in  Fig.  61,  is  screwed  on  the  ecd  of 
the  rods. 

vta  «  SO,     i''or  hoisting  the  rods  some  structure 

must  be  used,  Thismay  consist  of  a  simple  tripod  made  from 
three  sticks  of  timber  or  poles.  They  are  20  to  30  feet  long, 
joined  at  the  top,  and  have  a  hoisting-block  swung  from  the 
joint.  If  the  hole  is  to  be  very  deep,  some  more  elaborate 
structure  will  be  necessary,  and  in  this  case  a  special  steel 
tripod,  similar  to  that  shown  in  Fig.  G'2,  may  be  used,  or  a 
wooden  derrick,  similar  to  those  used  in  the  American 
Well-Boring  Rig,  may  be  constructed.  As  a  rule,  the  simple 
tripod  is  all  that  is  used  for  hoisting  drill-rods  in  connection 
with  diamond  drilling. 

91.  In  order  that  the  diamond  bit  may  cut  prop>erly,  it 
has  to  be  forced  against  the  rock  with  great  pressure  while  it 
is  being  fed  forwards.  To  accomplish  this,  the  machines  which 
operate  the  rods  must  be  provided  with  some  form  of  feed 
mechanism.  There  are  two  general  forms  of  feed  mecha- 
nism in  use,  the  differential  feed  and  the  hydraulic  feed. 

92.  In  the  differential  feed,  the  upper  length  of  rods 
is  provided  with  strong  square  threads  and  passed  through 
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a  nut  which  is  rotnt«d  in  (he  same  direction  as  the  mcU, 
but    not  qitile  ko   rapidly,  thereby  causing    a  differcnii 
movement.     To  understand  ihe  principle  of  the  differential' 
mnvcmcnt,  suppose  the  nnt  was  held  stationary,  and  thai 
the  rod  and  nut  have  each  3  threads  to  the  inch,  then  fo 
every  two  revolutions  of  the  rod  the    bit  would    advance 
I   inch,  which  is   altogether  too  much    cutting    for  the 
diamonds    to  do  in   two   revolutions  of   thtt    drill.    Nov, 

suppose  again  that  the  nut  makcii,  say,  S9  revolutions  while 


hai  J 


the  rod  makes  60;  the  bit  will  advancconly 


fiO  — 59 
3 


=  4  inch. 


or =  -t^t;  of  an  inch  for  each  revolution  of  the  rod. 

Thus  it  is  seen  that  a  very  small  advance  per  revolu- 
tion of  Ihe  hit  can  be  obtained  by  the  above  principle,  and 
yet  strong  threads  can  be  used  to  support  the  entire  length 
of  drill-rods. 


length 

1  somSV 


93.  If  the  differential  feed  were  not  provided  with : 
method  of  relieving  the  excessive  pressure,  it  would  produce 
an  enormous  pressure  whenever  the  hit  encouiitereil  a  hard 
formation.  To  overcome  this,  the  feed  inechanitim  isdriveii 
by  an  adjustable  friction  device,  which  allows  the  drlvln^l 
mcchani.sm  to  slip  with  reference  to  the  feed  mechanism'" 
whcnc\'cr  the  pressure  upon  the  bit  becomes  li  o  great.  This 
slipping  has  the  effect  of  giving  the  bit  a  finer  feed  in  hard 
rock.  Most  machinus  provided  with  a  differential  fec^l  have 
several  seis  of  gears,  by  means  of  which  the  feed  can  be 
varied  wiilitiiiC  the  necessity  of  depending  upon  the  slip  of 
the  friction  device  to  produce  finer  feeds,  the  friction  being 
intended  only  as  a  safety  device. 


94*  In  order  to  show  the  pressure  on  the  bit.  soi 
machines  are  provided  with  special  pressure  registers 
thrust  indicators,  which  arc  so  constructed  that  the  thnist 
of  the  rods  is  received  upon  the  pistons  working  against 
some  liquid  (usually  glycerine),  and  the  pressure  of  the 
liquid  is  shown  by  means  of  gauges.     This  device  enables 
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the  drill  runner  lo  tell  instantly  any  change  In  the  tliaracter 
of  the  formation  through  whidi  the  tlrilling  is  being  done. 

If  the  pressure  on  the  hit,  as  shown  by  the  Range,  rises, 

the  driller  knows  that  the  bit  has  encountered  a  harder 

formattan,  and  he  reduces  the  feed  hy  throwinjj  in  a  djffcr- 

f~\  ent  pair  of  gears  or  by  rhanjjiiiR  the  ad' 

,j>l— Lo.  justment  of  the  friction  device  through, 

which  the  feed  is  driven. 


95.  In  the  hydraulic  feed,  the  pres- 
sure upon  the  hit  is  produced  by  water 
actinij  ujKin  a  piston  in  a  vertical  cylin- 
der, and  it  is  possible  to  observe  aC  any 
instant  the  pressure  upon  the  bit  by 
means  <if  a  gauge  on  the  cylinder. 
Conwiqucntly  the  driller  can  regulate 
the  arlvance  of  the  bit  lo  the  very 
best  advantage.  For  instance,  if  tho 
Tock  is  hard  the  bit  will  advance  slowly 
and  the  pressure  in  the  cylinder  riae, 
while  if  the  ruck  is  soft  the  hit  will 
advance  rapidly  and  the  pressure  in 
the  cylinder  fall.  In  the  former  case 
the  driller  lessens  the  supply  of  water, 
and  in  the  latter  case  he  increases  it, 
keeping  the  proper  pressure  upon  the 
piston  and  rods. 

The  water  below  the  piston  prcvenU 
the  bit  from  .sudden  and  rapid  advance 
in  case  it  is  passing  through  a  crevice 
or  soft  place  in  the  rock,  and  in  this 
way  greatly  protects  the  diamonds  from 
sudden  shock  and  possible  displacement, 
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96>  Fig.  63  shows  a  hydraulic-feed  mechanism  in  whicTi 
the  ball  bearings  arc  incased  as  shown  ai  C.  The  piston  R 
moves  in  the  hydraulic  cylinder  //  as  the  drill-rods  move, 
but  it  docs  not  rotate  as  they  do.     Water  is  independently 
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supplied  atiovc  and  bcluw  the  pisH 
toil  within  the  cylinder  by  means 
of  vnlvcs.  The  water  is  turned 
oQ  hy  the  valve  O  and  admitlM 
above  the  piston  by  the  valve  .S 
and  exhausted  by  the  valve  M'. 
In  like  manner  it  is  admliied  anii 
exhausted  below  the  piMnn  by  tbc 
valves  r'and  7',  respectively.  Tbc 
valve  E  is  the  common  eiliaust. 
The  pressure-gBuge  6* is  connected 
to  the  upper  pari  o(  ihc  cylinder. 
and  registers  the  pretwurc  upcwi 
the  drill-rods  and  bit. 

U7.  Fig.  ti-l  shows  a  longitudi- 
nal section  of  a  hydraulic -feed 
mpchanism,  in  which  the  waler- 
pafisages  and  the  functions  of  the 
valves  can  readily  be  seen.  The 
drive-nid  D  is  connected  ti)  t 
drill-rods  by  the  chuck  or  cla 
/.,  and  rotates  within  th«  holla' 
piston-rod  A'  being  supported 
the  collar  Imll  bearing  /  with 
the  case  C.  Water  is  forced  into 
the  drilbrods  throufjh  the  pij>c  A 
and  the  swivel  //.  Reverting  to 
Fig.  B3,  it  will  be  now  understood 
that  in  order  in  incre-ise  the  pr 
sure  ti|>oii  theliit,  all  that  isneo 
sary  to  do  tsto  open  valve  .'>  wider 
aiitlj  if  necessary,  close  W  sorui 
what,  while  at  the  same  time 
may  be  closcda  little  and  7* slightly 
opened.  If,  luiwcver,  Iberc  is  HX) 
much  pressure  upon  the  bit,  tlw 
operation  is  reversed.     There  are 


PERCUSSIVE  AND  ROTARY  BORING. 


U 


a  number  of  ways  of  cffcciing  the  desired  pressure,  which 
cart  be  readily  acquired  by  a  knowledge  of  the  principle  just 
given  and  a  little  experience. 

»H.  The  hydraulic  feed  just  considered  is  termed  the 
single-cylinder  feed  in  contrast  with  the  double-cylinder  feed 
shown  in  Fig.  65.  This 
machine  has  a  hollow 
drive  tube  T  connected 
to  the  two  piston-roda 
Z',  /'by  thecross.liead  C 
The  two  cylinders  are 
shown  at  //,  Jf,  and  the 
swivel  connecting  the 
water-supply  pipe  /•"  and 
Ihc  drill-rods  is  shown  at 
G,  The  water  pressure 
upon  the  pij.tons  is  regu- 
lated in  a  manftcr  similar 
U>  that  previously  ex- 
plained. 

B0«  In  order  to  resist 
the  great  pressure  iipon 
the  bit  and  thedrilbrods, 
some  special  form  oE 
bearing  has  to  be  used  in 
conncctiori  with  the  dia- 
mond drills.  In  very 
small  maciiint-'s,  friclion- 
plates  are  soineiimes  em- 
ployed. This  bearing 
consists  of  a  number  of  ri...  si. 

thin  steel  plates  placed  between  the  bearing  faces.  If  the 
plates  are  perfectly  true,  there  is  a  differential  motion ;  that 
is,  each  succcwiing  surface  ninves  more  rapidly  than  the 
preceding,  and  so  the  wear  is  divided  among  the  several 
plates.     Another  form  of  bearing  which  is  very  much  used 
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is  the  ball  bearing.     This  is  illusirated  at  C,  Fig.  64,  and 
con)ii.sb;  of  a  series  of  tuilU  placed  in  a  circular  track  or  nice 

between  lw(»  plates.  Most 
ball  bearings  fur  diam^>tid 
drills  are  so  constructed 
that  they  can  take  thrust  in 
cither  direction;  that  ii, 
I  they  can  take  an  iifiward 
thrust  owing  to  the  fctcl 
j>rcs!iurc  ujxtn  the  drill-rods, 
or  they  can  take  the  weight 
of  a  very  heavy  set  of  drill- 
rods  hanj^ing  upon  Itictn. 
For  heavy  work  there  i*  a 
special  formoE  Iwarinji  tisoil 
by  some  makers.  Tlii*  is 
illusirated  in  Fig.  66.  in 
which  (d)  is  a  plan  anU  (/) 
a  section  thiT>U);h  a  &,  and 
consists  of  two  bevel  plates  r,  d,  between  which  are  placed 
a  eeries  of  conical  rollers  t,  e,  etc.  The  advantage  of  tliis 
form  is  that  the  conical  rollers  tend  to  travel  in  a  circle, 
thus  doing  away  with  the  pressure  on  the  outside  of  the 
bcarinji  caused  by  the  l»alls  havioK  a  tendency  to  go  in  a 
straiijUt  line.  When  a  ball-tUrusl  bearing  is  used  to  resist 
great  pressure  and  to  run  at  a  high  speed,  this  pressure  of 
the  balls  against  the  outside  of  the  track  or  race  1>ecnnicti 
pxces-iive,  and  often  results  in  the  destruction  of  the  balls 
and  the  bearing. 
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MACHINES  rSRn  IX  l)IAMn\0  nRIULIMi. 
lOU.  In  order  to  yive  a  clear  understanding  of  iha' 
machines  used  in  diamond  drilling,  it  may  be  well  to 
thoroughly  explain  one,  and  ihcn  refer  to  the  different 
(luints  in  the  others.  P'ig.  C7  illustrates  a  machine  having 
a  capacity  for  moderately  deep  boring.  The  machine  is 
driven   by  an  engine   having   two  titcam-cylindeni  H,  /A. 
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This  engine  may  be  reversed  by  means  of  the  reverse  lever  7^ 
The  large  gear  K  is  used  to  drive  the  hoisting  drum  L. 
The  hoisting  drum   may  be  driven  at  different  speeds  by 
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means  of  a  series  of  change  gear;;,  which  can  not  be  seen  In 
this  view.     The  hand-wheel  J  is  used  to  turn  ihe  engine 
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sbiift  and  gearing  when  it  is  desired  to  throw  in  a  different 
series  vf  gears  Eur  tlie  operatiDn  of  the  hoisting  drum.  The 
fcctl  can  Uechaiigt-d  by  means  of  the  handle  c',  ivhich  Ihrt-Ts 
in  any  series  of  ihe  gears  A  or  throws  thcin  ail  out.  The 
roller  bearing  Jf  receives  the  thrust,  and  is  so  arrange*! 
that  it  registers  thrust  in  cither  direction  by  means  nf  itic 
thrust  register  and  the  gaitgu  /I.  The  chuck  .V  at  the  but- 
torn  of  the  feed-screw  D  huldii  the  drill-rud^i  and  dnv» 
them.  The  swivel  C  connects  the  water-supply  pipe  7^  to 
the  drill-rods  A. 

There  is  a  thread  on  the  upper  end  of  the  feed-screw  P,  so 
that  another  chuck  can  be  placed  on  that  end  of  the  feed, 
screw;  or  the  chuck  A'  may  l>c  placed  at  the  upper  end  <>( 
the  feed-screw  when  drilling  upwardly  inclined  holes.  This 
drill  in  provided  with  a  swinging  head.  There  is  a  latdi 
holt  O,  which  can  be  Icx-sened,  and  on  the  opposite  side  "f 
the  head  there  is  a  similarly  constructed  hinge.  By  means 
of  thi<t  device  the  entire  feed  mechanism  can  be  swung  fruen 
over  the  hole.  The  feed  mechanism  is  driven  by  means  of 
a  pair  of  bevel-gears  P.  When  the  mechanism  is  swung 
from  over  tlie  holes,  the  bevel-gears  arc  disconnected,  aitd 
hence  the  drilling  mechanism  is  thrown  out  of  gear,  so  that 
the  engine  may  be  used  to  oi>crate  the  hoisting  drum  I  for 
rcraoving  the  rods  from  the  holes. 

In  this  machine  the  engine  cylinders  are  placed  oa  the 
opposite  sides  of  the  frame.  This  gives  a  welbhalanixd 
machine,  but  at  times  other  considerations  make  it  desirable 
to  place  both  cylinders  on  one  aide  of  the  machine,  as  shown 
in  Fig.  65.  ^ 

lOl.     Fig-    (>tt   illustrates  a    very   large  diamond  drill 
intended  for  deep  iioring.     This  machine  has  a  capacity  <^fl 
drilling  to  a  depth  of  about  (1,000  feet,  and  it  is  provided" 
with  a  single-cylinder  hydraulic  feed  and  has  a  ball  bearing 
incased  at  C.     This  bearing  takes  the  thrust  or  pressure  uf^| 
the  drill-rods  cither  while  drilling  or  when  Ihey  arc  hanging" 
free  in  the  hole.     The  hollow  piston-rod  docs  not  revolve. 
The  hoisting  drum  is  placed  on  the  back  of  the  machine, 
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whtrc  iL  can  not  be  seen  in  this  view.  Thi;  machine  is 
driven  by  two  vertical  engines,  placed  ccntrttlly  behind  the 
feed  machanism,  as  shown  in  the  illustration. 


Pia.en. 

102.  Tig.  CB  illustrates  another  form  ol  machine,  which 
has  a  capacity  of  drilling  to  a  dt-pth  c(  about  tt.OOO  feet.  It 
is  provided  with  a  doublc-cyliudcr  hydraulic  feed  and  has  a 
fixed  head,  mukiu};  it  ncces:iury  t<^  rcnim-e  the  machine  from 
over  the  hole  for  cii.inginf;  the  rods,  and  thi-s  necessitates 
some  form  of  llexible  or  telescopic  joint  in  the  steam  and 
tfxhaust  pipes.  In  the  machine  illiistraced  this  is  accom- 
plished liy  means  of  a  bracki-t  C,  whi<h  holds  the  steam- 
pipe  ./  and  the  exhaiisi-pipe  It,  so  that  a.s  the  drill  is  moved 
backwards  or  forwards,  the  pipes  connected  with  the  engines 
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work  in  and  out  through  the  stuffing-buxes  shown  in 
iltiisiralion.  TIk-  gearing  (or  changing  the  speed  of 
hoUting  drum  /?can  be  seen  at  the  back  of  the  machine. 
The  large  gtar  E  is  on  the  shaft  carrying  the  hoisting  dram, 
aod  whcu  the  small  piiituii  Aun  the  engine  shaft  15  brought 


tbS 
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into  mesh  with  this  g«ar,  the  drum  will  be  driven  rapidly. 
On  the  other  hand,  if  the  gear  /■'  is  brought  into  tiiesh  with 
the  gear  G,  and  the  pinion  //  into  mesh  with  the  gear  £,J 
the  drum  will  be  driven  slowly.  Of  course,  when  the  drum 
is  driven  more  slowly  by  the  same  engine,  it  has  greater 
lifting  power.     TKc  small  hand-wheel  A'  is  used  in  turnius 
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the  engine  s]iaft  so  as  tn  hrinj?  llie  gears  iiiti*  mesh  with 
each  other.  The  different  comliinaiicnis  of  gearing  can  nut 
be  changed  while  the  machine  is  ninning. 

103*  '  Fig.  7U  illustratL-s  a  »tnall  diamnnil  drill  mounted 
on  a  truck  so  that  it  can  be  taken  from  place  to  ]>lacc easily. 
This  style  of  mounting  is  especially  useful  vhcn  it  is  desired 


Pia.  70. 
to  drill  a  large  niiini>cr  of  comparatively  shallow  holes  in 
the  same  locality.  The  fcc<I-piimp/  furnishes  water  to  the 
diamond  drill.  The  tool-box  /  is  placed  at  the  front  of  the 
truck.  The  engine  <•  is  used  for  o|)crating  the  drill.  This 
drill  is  provided  with  a  hoisting  drum  and  a  single-cylinder 
hydraulic  feed;  it  is  of  the  general  class  of  nmchincs  having 
a  6xed  head,  and  hence  must  be  removed  from  over  the  hole 
when  it  is  desired  to  remove  the  rods. 


ROTAKY  nORiNG. 
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104*  Fig.  71  illustrates  a  small  diamond  drill  mounted 
on  a  column  for  work  in  a  mine.  Diamond  drills  are  usually 
mounted  on  double  columns,  as  shown  in  this  illustration. 
This  machine  is  driven  by  a  single -cylinder  engine  a,  and 
hence  requires  a  fly-wheel  b.    The  hoisting  drum  c  is  driven 
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by  means  of  the  gear  d.  The  machine  as  illustrated  is  set 
to  drill  an  upwardly  inclined  hole.  This  machine  is  provided 
with  a  differential  gear  feed  and  with  a  swinging  head.  The 
bolt /"for  fastening  the  head  can  be  removed  and  the  head 
swung  back  on  the  hinge/; 
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105.  Fig.  79  illusirat.cs  one  form  of  a  hami-i«'wcf' 
diamond  drill.  There  i-i  also  u  hand  hoist  attached  to  the 
bacic  of  the  frame  on  which  the  drill  is  supported.  This 
hoist  is  not  iL'guIarly  furnished  with  the  marhine,  but  may 
lie  attached  when  it  is  desired  to  drill  comparatively  deep 
holes.  This  machine  can  be  jidjiistcd  for  drilling  at  an 
angle,  and  is  provided  with  n  differential  gear  fei-<!  ;  it  can 
be  driven  by  horses  or  a  portable  engine  if  desired,  by  simplj 
removing  one  or  both  of  the  cranks  and  substituting  a  beU 
pulley. 

IO«.     Fig.  Ti  is  another  form  of  a  hand-power  diamond 
drill  which  is   nmunied   on   columns  /t,  a,  provided    with 
swinging  joints  where  they  are  connected  to  the  wooden 
frame   by    means  of  the    swiveling   petleKtals  /,   f.      The 

columns  a,  a  ran  be  adjusted 
to  anyanglc  with  the  wooden 
frame  by  means  of  the  braces 
/,  /.     When  the  drill  i-i  used 
underground,  it  may  be  a«!l 
up  in  a  manner   similar 
that   illustrated  in    Fig. 
the  screws  x,  s  being  pla 
against  the  roof  of  the  o 
ing. 

107.     In  order  to  remove 
the  drills  shown  in  Figs.  74 
and  T3  from  over  the  holes, 
fi>r  handling  the  rods,   the      , 
pnlire  mechanism  is  usualtj^H 
moved.     In  Pig.  1%  this  caO^* 
be   accomplished    by   simply 
loosening  the  collars  on  t 
rolumnsand  sliding  the  dril 
Pic  73.  down  on  the  frame.     By  lea 

ing  the  upper  collars  in  place,  the  machine  can  he  return 
to  exactly  the  position  it  occupied  previous  to  the  changing 
of  the  drill-rods.     In  the  cise  of  the  drill   illustrated 


iiy 
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Fig.  73,  the  same  thing  may  be  accomplished  by  simply  loosen- 
ing the  bolts  at  the  bearings  c,  c  and  lifting  the  entire 
mechanism  out  of  its  mountings.  The  mountings  are  pro- 
vided with  rectangular  faces,  against  which  the  boxes  fit,  and 
so  the  machine  can  be  replaced  in  exactly  the  same  position 
it  occupied  previous  to  the  changing  of  rods. 

The  hand-power  diamond  drills  are  usually  guaranteed  to 
boreholes  from  350  to  400  feet  deep,  but  have  been  used  for 
drilling  holes  between  600  and  650  feet  in  depth. 


THE  VALUE    OP  THE    RECORD    FURNISHED  BY 
THE  DIAMOND  DRILL. 

108.     This  naturally  divides  itself  into  two  parts  : 

1.  The  value  of  the  record  furnished  by  the  core. 

2.  The  amount  of  dependence  that  can  be  placed  upon 
the  apparent  location  of  any  point  in  a  diamond-drill  hole. 


THE  VALUE  OF  THE  RECORD  FURNISHED  BY  THE  CORE. 

109.  With  regard  to  diamond  drilling,  all  ore  bodies 
may  be  divided  into  three  classes: 

1.  Bodies  of  material  having  a  uniform  composition,  a  low 
value  per  ton,  and  depending  upon  the  existence  of  large 
masses  for  their  market  value,  such  as  iron  ore,  salt, 
gypsum,  coal,  etc.  The  diamond  drill  furnishes  an  excellent 
means  of  prospecting  for  any  of  the  materials  that  come 
under  this  class. 

2.  Bodies  of  material  having  a  somewhat  less  uniform 
composition,  a  higher  value  per  ton,  and  usually  associated 
with  more  or  less  gangue,  such  as  the  ores  of  lead,  zinc, 
copper,  etc.  The  value  of  the  diamond  drill  in  prospecting 
for  such  formations  varies  inversely  as  the  amount  of  the 
precious  metals  contained  in  the  ore;  that  is,  if  a  deposit  is 
mined  for  lead,  zinc,  or  copper,  the  ore  must  be  of  a  some- 
what uniform  nature,  while  if  it  is  mined  mainly  for  the 


PKRCUSSTVE  AND  ROTARY  BORING. 


prccioii"*  inc-tals,  the  value  nmy  and  usually  dwcs  vary  fr-ini 
puint  to  puiiil,  aiul  in  piacirs  the  vein  may  be  cut  'juc 
entirely  by  b*>rses  or  barrt-n  portions  of  rock.  Thus,  tbc 
liability  "f  the  dtamoinl  drill  pa&sing  throudh  aburtrmall;- 
rich  or  tbrongli  K-irreti  p«irtions  of  the  vein  is  very  rami 
increased. 

3.  This  class  consists  of  rich  veins  of  jfold  tclluridc  or 
silver  minerals,  such  as  sulphides,  etc,  In  prospecting  tor 
this  class  of  material,  the  diamond  drill  i»  of  very  Hille  u«, 
for  two  reasons;  (l)  The  valuable  material  is  often  so  «ift 
and  rriaMclhat  it  is  liable  In  bctrumc  ground  to  a  powilrr 
and  washed  away  by  the  drilling  water,  thus  leaving  nc 
record  of  its  existence.  (3)  The  veins  arc  so  erratic  I Iwt 
the  drill  is  Hable  to  cut  them  either  in  barren  portions  or 
to  follow  a  rich  seam,  thus  giving  indications  very  much 
jibove  or  bcluw  the  true  value. 

The  three  divisions  given  alwvc  grade  more  or  less  id 
each  other,  but  they  serve  a:^  headings  under  which  to  cua 
sider  the  subject. 


^ 


110.  From  the  foregoing,  the  following  general  ruk 
may  be  derived  :  '/'A/'  vafuf  of  fin'  reford  fHruishfd  (>y  ikt 
diamond-drill  cor  t  varies  invrrsfiy  as  the  value  per  ttmof  tht 
deposit  sought.  Or,  as  stated  in  different  words,  the  value 
of  the  record  furnished  by  tFic  diamond  drill  is  greater  when 
prospecting  for  low-grade  uniformly  distributed  ores  than 
when  prospecting  (or  high-grade  irregularly  tiistributed 
ores. 


Ill-  The  diamond  drill  has  been  used  with  great  succcsa 
in  prospecting  for  bonanzas  or  rich  deposits  of  the  precious 
metals,  which  occur  in  well-flefined  pockets  or  large  masses. 
tf  the  diamond  drill  encounters  native  copper,  the  inelal 
clngs  the  space  between  the  diamonds,  thus  preventing  tlie 
boring,  or  it  may  even  block  the  bit  entirely,  causing  th^ 
rods  to  twi.st  off.  The  diamond  drill  has  been  used  ve 
successfully  in  prospecting  for  li>w-grade  goW  deposits, 
as  the  blanket  reefs  of  South  Africa. 
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112.  When  the  diainond-driU  hole  ruts  the  fitrmalion 
at  an  anyle,  ihc  o^re  may  show  the  angle  the  strata  make*; 
with  ihc  center  line  of  the 
hole,  bill  it  gives  no  record 
as  tu  thv  dircciion  of  the  di|> 
of  the  strata.  Fig.  7-1  Mhuws 
a  dianinnd -drill  hole  passini; 
through  nii  inclined  stratum, 
and  rig.  75  shows  the  core 
taken  from  the  same  forma- 
tion. During  the  ojjeration 
ot  drawing  the  rods  ffom  the 
hole,  it  is  more  than  likply 
that  the  core  will  be  turned 
from  its  original  position. 
thus  givinif  no  idea  as  to  the 
direction  of  the  dip  of  the 
stratum.  This  may  be  in  a  meimure  overcome  by  the  drilling 
of  two  holes  near  together  and  comparinu  ihe  records. 
When  a.  number  of  holes  are  drilled,  the  di|)  of  the  varitms 
strata  is  usually  determined.  When  prospcclinR  for  deposits 
of  the  first  class,  this  lack  <>f  information  in  regard  to  the  dtp 
is  of  less  importance  than  when  searching  for  thin  veins  of 
more  valuable  material. 


FlO.  ?*. 


fjo.  ns> 


Tlie  UEFRXURKcr.  Til  AT  CAN  KK  ri.ACKn  ON  THK  AI>PAH« 

r.NT  LOCATION   OP  AXV   IMIIKT  IN  X   l>lAMOKI>> 

t>HII,L  HOLE. 

113.  It  was  originally  supposed  that  all  diaiiiond>drill 
holes  were  straight  arui  true;  that  is.  that  in  nomattcrwhat 
direction  the  hole  was  started,  it  would  continue  in  that 
dir<ction  throughout  its  entire  course,  but  as  deposits  dis- 
covered hy  the  diamond  drill  came  to  be  opened  up,  the  lower 
ends  of  the  holes  were  frf{|nenily  found  a  long  distance 
from  their  supposed  positions.  This  variance  1«1  to  a  great 
many  theories  as  to  the  c;nis<:  nf  the  ifn'//,  nr  change  of 
direction,  some  advancing  the  idea  that  the  drill  hole  had 


rs 
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a  tetiUi;ii<--y  III  go  ;kti>ss  the  nit-k  funnatlon.  while  oOif 
cLitmvd  tbat  it  had  a  tendency  tn  foKnw  the  strata.  In 
fairty  hard  and  uniform  material  it  was  abt'>er\*ed  th.it,  as  a 
general  rule,  ult  inclined  holes  bad  a  tendency  m  rise  a-sthcr 
advanced,  while  vertical  holes  wuuld  sometimes  take  a 
spiral  course  or  travel  off  to  one  side. 

114.     Fig'.  7i>  represents  a  diamond-drill  hole  put  dovn 
south  of  the  present  "  D"  shaft  of  the  Chaptn  mine.     After 


M 


• 


??.' .•:;■>.■':'•.■'■•:  ^y^  i- •.'■:-.. ^^'^'■\'  ' 


Pio.  n. 

the  shaft  had  been  sunk  aiid  the  drifts  run  out,  the  end  of 
the  hole  was  discovered  ftfi  feet  above  and  70  feet  south  o( 
its  supposed  location.  Tile  dolttd  line  shows  the  5upi)os<d 
Course  of  the  drill  hole,  while  the  full  line  shows  its  real 
course. 

115.     Fig,  77  iiUistratcs  the  course  of  a  vertical  hoB 
drilled  by  the  IL-imilton  Ore  Co.,  and  afterwards  followed 
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down  in  the  construction  of  their  No.  1  shaft.  A  is  the 
location  of  the  hole  on  the  surface,  and  B  is  the  place  where 
it  disappeared  490  feet  below  the  surface.     The  dotted  lines 


FlO.  7T. 

show  the  course  of  the  hole  for  the  490  feet  that  it  was 
followed. 

116.  The  principles  underlying  this  tendency  to  drift 
from  the  supposed  course  are  very  simple,  and  may  be  con- 
sidered as  follows: 

Suppose,  for  example,  that  it  was  desired  to  drill  a  down- 
wardly inclined  hole  through  a  hard  and  uniform  rock,  such 
as  quartzite.  The  diamond  bit  is  always  of  greater  diameter 
than  the  rods  which  follow  it.  If  this  were  nut  the  case, 
and  the  bit  were  not  kept  absolutt-ly  to  gauge,  sooner  or 
later  the  rods  would  stick  in  the  hole.  If  the  rods  were  the 
exact  size  of  the  hole,  it  would  be  necessary  to  cut  grooves 
on  the  outside  of  them  for  their  entire  length,  in  order  that 
the  water  which  is  forced  down  through  the  inside  to  cool 
the  carbons  and  wash  away  the  cuttings  miglit  be  allowed 
to  ascend  on  the  outside.  For  these  reasons,  the  drill-rods 
are  always  considerably  smaller  than  the  diameter  of  the 
bit.  The  core-barrel  is  sometimes  made  to  fit  the  hole  quite 
closely,  being  provided  with  spiral  grooves  on  the  outside, 
through  which  the  water  can  ascend. 

For  simplicity,  suppose  that  the  hole  bad  been  drilled  for 
a  few  feet  perfectly  straight,  and  with  its  end  perpendicular 


so 
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to  the  center  line  of  the  hole.  Now,  suppose  that  a  full- 
sized  bit  with  a  very  small  core-barrel  and  r<Mls  were  intto- 
diiced  to  continue  ilic  work.  They  would  aK&iime  some  such 
position  as  that  shuwu  id  Fig.  TS;  that  is,  the  bit,  being 


of  the  same  diameter  as  the  end  of  the  hole,  would  of  neces- 
sity occupy  a  |>oaitiun  practically  concentric  with  that  uf  the 
hole,  while  the  rods,  owing  to  their  flexibility,  would  sinl: 
down  into  cuiitact  with  the  lower  side  of  the  hole.  This 
action  would  result  in  throwing  the  face  of  ihc  bit  intosuch  a 
lK)»ition  that  the  phmc  of  the  end  of  the  hole  and  the  plane 
fnas^^inj;:  through  the  end  of  the  bit  would  form  an  angle  al^r, 
Ai  the  direction  of  the  hole  at  any  instant  is  perpendicular 
ici  the  plane  in  which  the  diamonds  rotate,  it  is  evident  that, 
with  the  rods  in  the  position  shown,  the  hole  would  have  a 

tendency  to  progress 
along  the  line  t/  t 
instead  of  along-  the 
line  /  g.  In  other 
words,  the  course  uf 
the  hole  would  begin  to 
rise,  and  as  the  drilling 
progressed,  ibis  tend- 
ency would  continue 
and  the  a>urse  of  the 
hole  would  be  con- 
stantly  ascending. 

IIT.     Fig.  70  is  a 
sectional  plan  (a) 


gafi      PERCUSSIVE  AND  ROTARY  HORINO.         81 

elevalion  (fi)  of  a  dianioiid-drill  hole  illusiratiiig  this  tend- 
ency lo  rise.  The  heavy  lines  A  /»  show  ihe  actual  course 
and  the  dotted  ones  A  B'  the  proposed  cour»c. 

1 1S>    The  vertical  rise  is  not  the  only  tendency  to  drift 

caused  by  the  rods  bt-inp  of  smaller  diameter  than  the  bit. 
By  referring  to  Fig.  so,  it 
will  be  seen  that  if  the 
drill-rods  rotate  in  the 
direction  of  the  hands  of  a 
watch,  ihcy  will  tend  to 
roll  to  the  right,  into  thc 
pusitiou  shown  by  the  full 
lines.  This  would  carry 
the  point  A,  Fig.  81,  ovci 
into  the  position  shown. 
Now,  it  was  seen  that  wlicii 
the  center  of  the  rods  at 
the  |>uintvJ  dropped  below 
the  center  of  the  hole,  the 
course  followed  by  tlic  bit  *^''-  * 

was  an  upward  curve.  In  like  manner  thi«  rolling  action 
lends  to  carry  the  rods  to  the  right,  and  the  point  of  the  hole 
would  deflect  to  the  left,  as  shown  in  Fig.  79  (rf).  In  drilling 
through  hard  rock,  great  pressure  has  to  l»e  put  upon  the  bit 
to  make  the  diamonds  cut,  and  this  pressure  increases  the 
tendency  to  drift  by  springing  the  rods  against  the  side  of 
the  hole.  It  has  been  ilaimcd  that  at  times  the  outside  oi 
the  corc-l>arrel  may  he  forced  into  contact  with  the  inside 
of  the  hole  within  'I  or  i  feet  of  the  face  of  the  bit,  that 
19,  when  usiing  sniall-siKed  bits  not  over  "A  inches  in  diam- 
eter. Old  or  worn  core-barrels  are  sometimes  as  much 
as  ^g  of  an  inch  smaller  in  diameter  than  the  bit.  Such  a 
great  difference  in  diameter  causes  the  hole  to  curve  very 
rapidly. 

Reverting  to  Fig.  Ktl.  it  will  be  seen  that  as  the  rods 
rolled  to  the  right,  through  the  distance  /;,  their  center  was 
carried  upwards  through  the  distance  /■'.     This  vertical  rise 
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will  -tend  to  neutralize  the  angle  caused  by  lh«  point  .-I, 
Pig.  81,  coining  into  contact  with  the  bottom  of  the  bole 
Hence,  the  borizunlal  drift  partially  neutralizes  the  rise. 


I 


;«> 


PlO.  BL 


1 1U.  Unfortunately,  all  material  drilled  tlirough  is  not 
hard  and  uniform  in  structure,  many  (actors  entering  into 
tbc  problem  to  complicate  matters  and  carry  the  end  of  the 
diamond-drill  hole  from  its  supposed  position.  In  drilling 
through  soft  material,  the  wear  of  the  sides  o(  the  hole  by 
the  rods  increases  the  tendency  to  drifting,  ^^ 

In  some  c;iscs  this  drift  in  the  diamond-drill  hulc  mayno^" 
be  an  altogclhtr  inunitii^uted  evil,  for  if  it  were  desired  to 
make  the  end  of  the  hule  rise  in  order  to  reach  a  certain 
point  in  the  formation,  this  may  Iw  accomplished  by  using 
a  core-ha.rrel  very  much  smaller  than  the  bit  and  by  push- 
ing the  work  as  rapidly  as  po.<»ihlc.  On  the  other  hand,  if 
it  is  dc-sitcd  l«i  keep  the  holes  straight,  a  core-barrel  of  prac- 
tically the  siiEc  (lE  the  bit  may  be  used.  It  has  alsn  been 
proposed  to  use  bushings  set  with  diamonds  and  placet!  back 
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of  the  bit  or  core-barrel,  thus  keeping  ihv  center  of  tbel)!! 
in  line  with  the  center  of  the  hole. 

At  times,  pix-kets,  vugs,  or  open  places  are  enconniered 
in  the  formation,  and  (requentlj*  tliese  are  lined  with  very 
hard  crystals.  The  bit  coming  against  the  face  of  one  of 
these  openings  at  an  angle  may  be  forced  fntm  its  course. 
The  hole  may  be  at  an  angle  to  the  strata  passed  through, 
and  this  will  unduubtcdiy  have  an  effect  upon  the  drift, 
especially  when  th«  formation  is  composed  of  alternate 
layers  of  liard  and  suft  material. 

When  drilling  through  soft  material,  the  bit  cuts  very 
much  faster  and  require*  Ifss  pressure  upon  the  rods.  This 
reduces  the  tendency  the  rods  have  to  spring  against  the 
Hide  of  the  hole,  and  is  one  of  the  reasons  why  the  bit  haa 
lei»  tendency  to  riiic  le:^  in  drilling  an  inclined  bule  through 
soft  material  than  when  drilling  through  hard  material.  In 
drilling  through  iuift  material,  such  as  hematite  iron  ore, 
the  drill-rods  are  liable  to  wear  large  cavities  along  the 
course  of  the  hole. 

I  20,     SurvcylnK  I>lainond-l>HII  HoIca. — Formerly 

it  was  the  cust'jm  fur  the  civil  engineer  in  charge  of  the 
mine  surveying  to  take  the  angle  of  the  hole  at  its  collar 
and  plot  this  angle  on  his  mine  map,  indicaiing  the  various 
strata  passed  through  as  occurring  along  this  line  and  at 
iheir  respective  distances  from  the  collar,  as  shown  by  the 
core.  From  what  lias  already  been  said  in  regard  to  drift- 
ing, it  is  evident  lliat  these  results  were  frequently  very 
much  at  fault. 

In  IRSO,  Mr,  G.  Nolten,  in  Germany,  projKised  to  fasten  a 
small  bntlli?  partially  tilled  with  hydrufluoric  acid  into  the 
cure-barrel  just  abuve  the  bit,  and  to  lower  this  to  the  bottom 
of  the  hole,  leaving  it  in  that  position  a  Mifficient  length 
of  time  for  the  acid  to  eat  n  ring  ua  (he  inside  of  the  glas^ 
Upon  drawing  the  rods  and  the  bottle  from  the  hole,  the 
surface  of  the  liquid  in  the  bottle  could  be  made  to  coincide 
with  the  ring  on  the  inside  of  the  glass  and  this  angle  meas- 
ured. By  malting  such  observations  at  frequent  intervaU 
I',    ifi.—tv 
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tlurtntc  burin^,  and  plotting  the  results,  a  vertical  projcctiuo 
of  the  bole  can  be  obtained,  as  illustrated  by  (^),  Fig.  7't. 

But  this  gives  nn  information  u 
til  the  hortzuutal  drift  nf  the  bit. 
One  of  these  btutlcs  which  bu 
been  used  and  acted  ujKin  hy  tlie 
acid  is  shown  in  Pig.  S2. 

In  case  there  is  much  watci  iii 
the  drill  hole,  it  may  be  necessary 
to  plug  the  upi>er  end  of  the  cure- 
b;trrel  with  a  piece  of  wood,  in 
order  to  prevent  the  water  ia  the 
rods  above  from  forcing  the  IkiC- 
tic  of  hydrolluuric  acid  out  of  the 
bit  while  the  rods  arc  being  drawn 
„,.  „.  from  the  hole. 

121.  In  1883,  Mr.  K.  F.  }kIacGeorge,  an  Australian 
engineer,  invented  and  used  the  following  process:  He  6IIt*l 
sma'l  gla.ss  tubes  with  ji^elatinc,  in  which  were  suspcndrd 
glass  plummets  and  magnetic  needles,  fiy  heating  ihc 
gelatine  to  1B0°  Fahrenheit,  which  rendered  it  liquid,  insert- 
ing the  tubes  into  the  hole  at  various  points  and  leaving 
them  until  the  gelatine  had  boHdilied,  he  could,  upon 
removing  the  tubes,  compare  the  angles  between  the  com- 
pass, the  plummets,  and  the  center  of  the  rod.  This  iafor- 
mation  enabled  the  course  of  the  hole  to  be  plotted  with 
fair  accuracy.  The  method  can  be  used  where  there  is 
magnetic  attraction,  but  in  the  vicinity  of  some  iron 
deposits  it  would  be  of  little  or  no  use. 

122.  Fig.  83  represents  a  profile  showing  curvature 
nine  holes  drilled  and  surveyed  under  the  supervision  of  Mr. 
J.    Parke  Channing.     In  the  case  of  hole  number  J,  the 
core-barrel  was  fairly  new;  in  number  JP  a  new  core-barrel 
was  introduced  near  the  latter  part  of  the  work,  and  Ihufi^ 
kept  the  end  of  the  hole  straight;    number  S  was  drillejH 
before  the  core-barrel  bad  worn  much,  and  consequently  it 
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has  a  fairly  true  course;  numbers  4,  ^.  and  ^  are  more 
or  less  curved;  in  the  case  of  number  7  it  was  desired  to 
strike  the  formation  at  a  certain  point,  and  in  order  to 
accomplish  this  it  was  necessary  to  keep  the  hole  from  flat- 
tening if  possible.  This  was  attempted  by  using  special 
couplings  (made  of  steel  and  hardened),  which  were  intro- 
duced between  the   rods  and  the  core-barrel.     They  wore 


Piaes. 


away  quite  rapidly,  and  the  attempt  does  not  seem  to  have 
been  very  successful.  In  the  case  of  number  8,  it  was 
desired  to  make  the  hole  rise  as  much  as  possible,  and  this 
was  accomplished  by  using  an  old,  worn  core-barrel  and  a 
large  bit.  Number  .''  was  kept  practically  straight  by 
using  a  new  core-barrel  and  a  bit  with  but  little  clearance. 
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8»i  PERCISSIVE  AND  ROTARY  BORING. 

PRACTICAL  NOTB8  ON    DIAMOND    DRILLTXG. 

123.     Diamond   drilling  is  carried  on  cither  from  tbc^ 
surface  or  from  the  workings  of  a  mine.     The  systems  usedfl 
in  the  two  cases  differ  but  little,  hnt  for  the  sake  of  clur- 
ness,  the  surface  drilling  will  be  (.unsJdercd  first. 


r 
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nntlXIKG  FROM  THK  MITUPACB. 

1 24.    In  this  class  of  work,  only  perpendicular  or  dovo- 


wardly  inclined  holes  can  be  drilled,  and  in  most  cases  (H 
complete  power  plant  is  required  far  surface  prospecting;^ 
that  is,  not  only  the  diamond  drill,  but  its  engines,  together 
with  the  necessary  boiler,  purajM,  etc.,  are  required.  The 
power  used  may  be  furnished  by  steam,  electricity,  com- 
pressed air,  horses,  or  even  men,  as  in  the  case  of  haod 
drills.  Flic!  for  the  power  plant  must  be  provided  in  casea 
boiler  is  U!;cd,  and  water  must  be  provided  for  the  use  of  the^ 
drill  and  the  boiler,  if  one  is  used. 

A  tripod  or  derrick  i%  required  to  assist  in  handling  th( 
rods  and  for  use  while  sinking  the  stand-pipe,  and  a  pliant] 
or  shelter  to  prelect  the  men  and  machinery. 


i 


1  2ft.     The  diamond  drill  is  intended  for  the  penetration 
of  rock  formatinns  only,  being  but  very  poorly  adapted  for 
work  in  loose  gravel  or  sand;  hence  it  is  necessary  to  sinkj 
a  stand-pipe  llirotigh  the  surface  drift  material  and  the 
operate  the  drill-rods  through  this  pipe.     In  case  the  rot 
formation  below  the  drift  in  soft,  it  may  be  necessary  to  us 
a  ea.'iing. 

1 2H.     Preparation  Work  Necessary  for  Murfau 
Drilling. — Having   selecled  the  location  of  the  require 
hole,  anangeinenis  must  be  miide  whereby  an  ample  supply  of 
water  may  be  obtained  for  the  use  of  the  drill  and  the  boilerJ 
Next,  the  stand-pipe  must  be  sunk  to  bed-rock.     In  ihecas 
of  Rue  sand  or  very  soft  material,  such  as  occurs  in  swamps,^ 
ihc    stand-pipe    may  be    driven    Lo    bed-rock   without  any 
trouble,  or  a  jet  of  water  may  be  introduced  to  flush 
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the  material  as  the  pipe  is  driven  iJuwii.  In  the  majority  of 
cases,  tlicdrift  conlainsa  greater  or  less  number  of  boulders, 
which  interfere  with  the  sinking  of  the  pipe. 

Where  sueh  drift  is  shalli>w,  mil  exceeding  16  feet,  it 
may  be  bt-st  to  excavate  to  bcd-ntck  and  carefully  secure 
the  stand-pi])c,  llic  excavation  then  being  filled  and  the  drill 
placed  in  pusliii^ii.  If  the  drift  material  is  tliick,  and  espe- 
cially wliei)  i I  contains  hir)>;e  tiuantitienof  quicksand  i>r  water, 
which  would  render  excavating  very  ditticult,  it  is  often 
nece*is;ir\*  to  drive  the  Ktan<i>pipc  to  ;\  great  depth  and  to 
remove  iiiimemuh  large  boulders  from  its  course.  These 
boulders  may  he  broken  up  by  drilling  into  them  and  blast* 
ing.  (»r  a  hole  of  sufficii-nt  size  to  allow  the  introdnetion  of 
the  staiid*pipt:  may  be  drilled  through  a  very  large  Umklcr. 
This  drilling  is  u&ually  accomplished  with  a  percussive  bit. 
The  percussive  bit  may  be  fastened  lo  tbe  end  of  the  ordinary 
diamond-drill  rods,  or  to  similar  rods  specially  provided  for 
this  purpose  and  made  somewhat  heavier. 

I  27.  At  titnes  it  is  found  mure  expeditious  to  use  a  rig 
Bimilar  to  the  regular  American  WelUDrilling  Rig,  with 
jars,  etc.,  for  sinking  the  stand-pipe. 

II  is  not  an  uncommon  occurrence  to  have  the  stand-pipe 
break  while  trying  to  force  it  through  ground  containing 
iMiulders,  and  then  it  is  iisiially  necessary  to  pull  it  up  and 
begin  again.  The  stand>pi])e  must  he  chopped  inlo  the  rix:k 
soas  to  form  a  good  joint.  If  this  were  not  done,  one  of  two 
things  would  uccur:  either  the  surface  waters  would  wash 
sand  and  gravel  into  the  drill  hole,  or  the  water  usril  in  tl rill- 
ing wduld  pass  out  under  the  stand-pipe  into  the  soil.  The 
stand-pijje  may  be  put  down  hy  means  of  a  portable  hojst 
before  the  drill  conies  onto  the  ground.  In  this  way  the 
drill  can  be  kept  at  its  regular  work,  for  If  used  in  sinking 
the  stand-pipe,  it  really  becrmies  nothing  more  or  less  than 
a  portable  hoist  while  doing  thcdriving. 

Special  rigs  and  devices  have  been  designed  and  are  fur- 
nished with  diamond  drills,  by  means  of  which  stand-pipes 
may  be  drilled  down  throughordmary  drift  material.     These 
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consist  oi  ]»cKM>it.s  uuger-biU,  percussive  bits  casing;  liils. 
etc.  In  many^tasrs  it  i»  quicker  to  put  the  stand'pijw  d'lwn 
with  the  rif;  [irovulcil  with  the  drtl)  than  it  would  Ik  la 
employ  a  s|wcial  rig  of  any  other  type. 

128.  Onillnff  Pit.— Where  it  is  de»ired  to  drillfao 
hi]lc!>,  that  is,  si:vcrnl  downwardly  ini-Hncd  holes  from  the 
same  point,  it  may  be  well  to  sink  a  small  iiros|»ecting  shaft 
or  pit  and  l<K;atc  the  drilling-roachinc  on  the  bcd*ruck. 


1 29.     The  advantages  of  this  method  arc : 

1.     No  stand-pipes  are  re4[uircd  for  the  several  boles. 

i.  Flatter  holes  can  be  drilled  than  would  be  the  case 
were  the  drill  placed  on  the  surface.  This  applies  to  ease* 
where  the  drift  material  is  (juitc  20  feet  thick  or  more. 

3.     There  is  no  delay  beltreen  the  drilling  of  the  succcs&i 
holes;  that  is,  after  one  hole  is  drilled  there  is   no  dela; 
waiting  for  the  next  stand-pipe  to  be  driven. 

1  30.     The  disadvantages  are ; 

1.  Even  if    the  shaft  or  pit   were  dry,  a  pump  will 
rcciuircd  to  remove  the  water  from  the  pit,  because  the  dril! 
water  is  present  if  the  pil  itself  is  dry. 

2.  Whtn  operating  at  the  bottom  of  a  pit,  there  is 
sufficient  space  for  the  quick  aitd  economical  handling  of  tl 
drill-rods. 

3.  If  the  drill  is  driven  by  steam,  the  Ixjilcr  will  of  neces 
sity  be  placed  on  the  surface,  which  necessitates  the  rarrying 
cf  the  stcara  a  long  distance  before  it  is  used  in  the  engines. 

131.  Drilllnic. — After  the  stand-pipe  is  put  dnwn, 
drilling  is  cummenocd  antl  continued  night  and  day  until 
the  H-ork  is  finished.  During  the  sinking  of  the  stand-pi|»c. 
the  entire  force  of  drill  men  work  together,  in  the  day  shift 
only.  After  drilling  commences,  the  work  is  carried  on  ii 
two  shifts  of  twelve  hours  each.  If  the  hole  is  corapai 
(ively  sh.ill(iw,  not  over  700  feel,  and  the  formation  nc 
extra  hard,  four  men  comprise  the  drilling  crew,  the  hr; 
driller  acting  as  foreman  during  the  daytime  and  scttir 


I 


§26       PBRCURRIVB  AND  ROTARY  BORING. 


89 


bits  while  ihe  machine  h  running,  lie  has  nn  assistniu 
who  acts  as  fireinai).  At  ninht  the  assistant  foreman  runs 
the  drill  with  the  aid  uf  his  tirL-man. 

While  chan^ini;  the  ruds,  i»ric  of  the  men  goca  on  top  of 
the  shanty,  or  up  into  the  derrick,  the  oilier  remaining  at 
the  collar  of  tlie  hole,  tlic  rod*;  being  handled  by  means  of  a 
small  (Irttm  connected  with  the  drill. 

In  case  ihc  hole  is  deep  or  ihc  material  very  difficult  to 
drill  through,  five  men  ronipri.se  the  drilling  crew,  there 
being  two  fnrpmcn.  two  firemen,  and  a  chief  driller.'  In 
this  case  the  chief  driller  sets  the  bits  and  has  general  over- 
sight of  the  work.  One  of  the  foremen  and  his  fireman 
operate  the  drill  at  night,  and  the  other  two  dnrinjr  the  day- 
lime. 

Many  large  mining  companies  who  have  a  number  of 
drills  in  operation  all  the  time  keep  a  man  employed  to  set 
the  bit*  for  all  the  drills,  in  which  case  each  drilling  crew 
is  comprised  of  (our  men. 

132.  Cnwlnjc- — The  stand-pipe  is  usually  made  consid- 
erably larger  than  the  drill-rods,  so  that  if  it  is  dt-sirpil  -to 
use  a  casing  in  the  hole,  it  van  he  put  down  through  the 
inside  of  the  stand-pipe  without  interfering  wllh  the  latter, 
and  in  many  rases  after  the  stand-pijie  ha*  bei-u  put  down 
to  bed-rock  a  casing  is  drilled  into  the  rock  to  make  a  water- 
tight joint.  The  advantage  of  this  mctho<l  is  that  the  drill- 
rods  fit  the  casing  more  closely  than  thcv  wmild  the  stand- 
pipe,  and  hence  the  hole  will  be  started  more  aceiiratelv; 
that  is*,  the  temlcnry  to  drift  on  the  start  would  he  reduced. 

After  the  hole  has  passed  through  a  portion  of  the  roek,  it 
may  encounter  loose  material,  such  as  quicksaml,  gravel,  or 
broken  rock.  To  keep  such  material  out  of  the  hole  while 
the  work  is  in  progress  requires  that  the  casing  be  continued 
through  the  troublesome  formation.  To  accomplish  this, 
any  casing  already  in  the  hole  is  usually  pulled  up  and  a 
reamer  introduced,  which  enlarges  the  hole  down  to  and 
through  the  bad  ground.  The  casing  is  then  introduced 
and    keeps   the  hole  free  from  the  troublesome  material. 
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whtlu  the  work  procvciU  as  before.  In  some  cases,  in  uTiIrt 
to  avoid  reaminff.  a  smaller  casing  is  inlrotluced  inside  (if 
the  diarouad-drill  hole,  the  work  from  this  point  on  heing 
continued  with  u  smaller  bit  than  that  with  which  the  first 
portion  of  the  hole  was  drilled.  At  othor  times  expamiin; 
bits  are  used  to  cut  the  fork  iiway  from  tindernenth  t 
cashing,  and  thuK  allow  it  to  follow  the  hit  down.  These- 
expanding  bits,  when  used  for  reaming,  produce  no  core. 


1  33.     OuldKd  for  ftau    Driller.— The  guides  !>)■  whifh' 
the  driller  judges  the  progress  of  the  work  and  the  condition 
of  the  bottom  of  the  hole  arena  follows: 

1.  Changes  in  speed  of  the  machine. 

3.  Changes  in  the  flow  of  the  wash  water. 

3.  Differences  in  pressure,  as  shown  by  the  pressure- 
attached  to  the  feed  mechanism  or  thrust  indicator. 

t34.     Cbanffcs  in  the  Sp«ed   of  the    Mncbine.— 

In  case  the  machine  increases  in  8|)ecd,  it  is  a  sign  (h;tt  one 
of  two  things  has  occurred:  either  the  bit  has  cut  into  ifl 
softer  formation,  thus  reducing  the  work  and  allowing  tli« 
machine  lo  &pccd  up,  or  the  drill-rods  have  twisted  v9, 
removing  the  work  of  ttirning  the  bit.  In  case  the  latter 
has  occurred,  the  fluw  of  wash  watL-r  will  be  very  much 
increased,  and  the  pum]>  will  have  a  l«!iidency  to  race. 

In  case  the  machine  kIuws  down,  the  drill  has  either  cut 
into  a  harder  Eormalion,  thus  ihrowing  more  work  upon  the 
bit  and  the  engines,  ov  the  core  has  blocked  or  wedged  in  the 
core-barrel  ^nd  is  being  ground  to  powder,  in  place  of  feeding 
up  into  the  barrel  as  it  should.  The  driller's  experiem-e 
will  usually  tell  him  which  of  the  above  has  occurred.  In 
case  the  core  has  wedged  in  the  core-barrel,  it  may  cut  nH 
the  flow  of  the  wash  water,  thus  causing  the  pump  to  labor. 
At  times  this  wedging  or  blocking  of  the  core  may  free 
itself  in  a  few  moments  and  the  work  continue  as  usual, 
while  ill  other  cases  it  is  necessary  to  pull  up  at  once  and 
inspect  the  condition  of  the  hit  and  Core-barrel.  If  ihe 
driller's  experience  has  shown  him  that  the  bit  sliould  drill 
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a  certain  difttancc  in  ordinary  fiirinalioi)  before  it  liccnmcii 
dull,  anil  this  slowing  down  (-oinciit  after  it  has  drilled  but  a 
small  fraction  of  that  distance,  it  is  very  g^ood  evidence  that 
the  core-barn;!  has  become  blocked. 

135.  Lost  Wnler. — When  the  diamond -drill  hole 
passcx  through  lousr  and  broken  formiitions,  the  wash  water 
may  escape  into  the  rock,  in  place  of  Tclurning  tm  the  sur- 
face. This  is  not  a.  desirable  state  of  aflairs,  as  it  deprives 
the  driller  of  one  of  his  guides  as  to  the  action  of  the  bit. 
Many  devices  have  been  resorted  to  to  force  the  water  to 
come  to  the  surface,  such  as  sendin^r  down  bran,  sawdust, 
cement,  etc.,  in  the  hope  that  they  would  wash  into  the 
openings  in  the  rock  and  close  them,  thus  forcing  the  water 
to  come  to  the  surface.  Casing  the  hole  through  the 
troublesome  formation  will  bring  the  water  to  the  surface. 

136.  Side  Friction. — At  times,  gravel,  sand,  or  bits 
of  rocic  from  the  formation  passed  through  get  into  the 
hole  and  block  the  rods,  If,  upon  lowering  the  rods  into  the 
hole  while  they  arc  still  suspended  (that  is,  with  the  bit  off 
the  bottom),  they  rotate  with  ditficulty  and  in  a  jcrlcy  man- 
lier, it  is  evident  that  such  obstructions  arc  present,  and 
they  must  be  removed  either  by  casing  the  hole  through 
the  troublesome  forniation  or  by  Qushiiig  out  the  portion 
then  in  the  hole  and  seeing  if  atiy  more  accumulate.  At 
times  this  side  friction  is  caused  by  the  sliding  of  louse  or 
shaly  rock  against  the  rods,  and  under  such  circumstances 
the  hole  will  require  casing. 

137.  \Vnt*hine»- — The  washings  brought  up  by  the 
water  are  nut  ail  derived  from  the  cuttings  of  the  bit,  but 
while  pa!>sing  through  soft  formations  the  rods  always  wear 
more  or  less  material  from  the  sides  of  the  hole.  Any  change 
in  the  cbarartcr  of  the  wash  must  be  noted  by  the  driller,  as 
these  changes  indicate  changes  in  the  rock  formation  tbat 
the  drill  is  passing  through. 

Sometimes  tests  are  made  to  see  how  long  it  takes  the  water 
to  pass  down  the  rods  and  return  as  wash.     This  m»y  be 
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nccompUshcd  by  iiasaing  foreign  suUatances,  such  as  dro(i* 
iA  candle-grrase  or  ci)loring  miittur,  ihronRh  the  water. 

When  drilling  through  iruo  ore  or  similar  substances,  the 
waKh  m.itcri:il  in  cillecteil  in  hoxett  provided  for  the  purpotK 
and  analyzed  from  time  to  time  to  see  how  it  coinpares  villi 
the  aitalyiiis  made  from  the  core. 

I3S.  When  drilling  through  hcmaltle  or  limnnite,  if  It 
isdesireiltu  make  a  determination  fur  iron  (ram  the  diamond- 
drill  core  or  from  the  material  brought  up  by  the  wash,  it  ift 
necessary  lo  first  remove  all  the  iron  worn  from  the  bit 
nnd  the  TimIs  during  the  process  of  drilling.  This  may  Ic 
accomplished  by  the  aid  of  a  magnet.  If  this  precaution  isS 
not  taken,  the  analysis  of  a  diamond'drill  core  may  show 
more  iron  than  any  known  iron  ore  could  po.ssibly  contain. 

It  has  been  stated  that  the  analysis  of  the  wartb  from  the 
Lake  Superior  hematite  drillings  is  usually  higher  in  in>n 
andlowcrinphosphorusthan  the  ore  actually  passed  through, 
the  presumption  being  that  the  light  quartzite  in  the  ore 
has  been  washed  away  as  tailings  from  the  settling  luxes, 
together  with  a  portion  of  the  phosphorus. 

In  diamond    drilling  for   precious   metals,  it  is  of  great 
importance  to  catch  the  sludge  or  wash,  as  by  this  means 
the  presence  t-f  valuable  material  which  has  been  ground 
in  the  core  and  washed  out  may  be  discovered. 

139.     PnrtlnK  of  the  Rodw. — The  parting  of  the  drilh 
rods  may  occur  from  several  causes,  among  which  may  !«. 
mentioned  : 

1.     The  breaking  or  twisting  off  of  the  rods  themselves. 

3.  The  stripping  nf  the  thread  in  a  coupling,  either  while 
the  drill  is  In  operation  i>r  during  the  raising  or  lowerinffof 
the  rods. 

3.  The  unscrewing  of  a  coupling.     This  usually  occu 
while  the  rods  arc  being  raised  or  lowered. 

4.  The  giving  way  or  breaking  of  the  .safety  jaric  which 
holds  the  rods  at  the  surface  during  the  process  of  raising 
or  lowering,  at  such  tiroes  as  the  hoist  gear  is  uncoupled 
from  them. 
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140.  It  the  roils  drop  when  llicy  luiri.  Ilic  Hiainomls 
arc  liable  to  he  bnikcu.  i>r  smashed,  ;is  the  driUrr  usually 
expresses  it. 

The  lower  portion  of  the  diamond-drill  .hi»!c 
usually  contains  more  <>r  less  mtid,  and  if  lost 
rods  are  allowed  to  n^in:iiii  sLincMiig  in  this 
mud,  it  frequently  sets  like  .i  rement.  thus 
rendering  it  almost  impossible  to  recover  the 
embedded  rods. 

141.  Fig.  84  illustrates  a  rcaminif  bit. 
It  hasa  liex'el  face  A,  on  which  the  diamonds 
arc  set.  A  few  stones  are  also  set  around  ihc 
periphery  of  the  jjortion  C,  m  order  lo  m.-iiii- 
tain  the  diameter  of  the  portion  of  the  hole 
hcinK  reamed.  A  coupling  whieh  screws  into 
the  lower  end  of  the  hit  is  shown  at  />',  and 
onto  this  one  length  of  drill-rods  is  screwed. 
The  drill-rods  act  as  a  guide  and  keep  the 
reaming  bit  in  line  with  the  hole  previously 
bored.  The  reason  that  the  guide  is  nut 
made  in  one  piece  with  the  reaming  bit  is 
that  the  drill-rod  used  as  a  guide  wears  more 
or  less,  and  hence  requires  renewing  before  the  bit  ha* 
■to  be  removed,  and  by  the  meihr)d  shown  any  drill-rod 
will  renew  the  worn  une.  The  upper  end  of  the  bit  is  &o 
formed  as  to  screw  into  the  drill-roUs  above  in  place  of 
the  coupling. 

1-12.  Pigs-  85  and  M  illustrate  two  styles  of  fishing 
taps,  in  Fig.  »!i  the  thread  on  the  tap  is  tapered  through- 
out its  entire  length  and  the  flutes  extend  to  the  shoulder. 
The  hole  through  which  the  water  passes  extends  straight 
down  to  the  point  of  the  lap.  The  end  of  the  tap  has  Icclh 
cut  in  it  like  a  rose-bit.  This  tap  is  very  useful  where 
the  weight  o(  the  parts  to  be  removed  are  not  too  great, 
but  being  tapered  throughout  its  entire  length  it  has  a 
tendency  to  spread  the  piece  into  which  it  is  screwed 
and  hence  to  pull  out  rather  than    to   lift   the   lost   roda 
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Pig.  SG  illustralcit  u  tap  constructed  on  a  sliffhily  diffcTi-'nl 
principle.     In  this  ca^c  ibc  point  at  the  tap  is  formed  like  a 

ilrill  and  ptijnt  rcamur,  ani) 
is  intcndLtt  fur  cuttintf  its  v^r 
into  or  through  the  jammefl 
end  of  ihe  ri»ds.  The  hole 
for  llie  v;iter  stops  an  inch* 
or  so  from  the  tap,  and  fntm 
L\i\<i  point  sin:ill  hults  arc 
dril](.-d  from  ihc  Hiites  or  [>c- 
tvreen  the  teeth  at  Ihe  end  <»( 
the  tap  into  the  mail  supply 
passage.  Thus  the  water  nr 
other  lubricant  used  during 
the  fishing  is  furnished  to  tlie 
cutting  edges  as  rctjuirci 
The  portion  JJ  of  the  tap  is 
tapered,  while  tltc  portion  A 
id  straight.  The  result  is 
that  when  a  tap  is  scciireil 
nearly  up  to  the  shoulder  il 
will  form  threads  on  the  rods 
fur  a  distance  equal  to  the 
straight  portion  /I,  and  hence 
I  lie  tap  is  not  as  liahle  to 
pidl  out  as  if  it  were  tapered 
throughout  its  entire  length. 
When  fishing  for  rod^  the  tishing-tackle  is  best  adaptrd 
for  Krrewing  into  a  coupling,  on  account  of  the  fact  that  the 
metal  of  the  coupling  is  thicker  than  the  metal  of  the  tuhes, 
and  while  the  tap  might  screw  a  sulHciently  firm  hold  in  the 
cuuplingf  it  would  he  liable  to  pull  out  from  the  tubes.  On 
this  account  it  is  sometimes  necessary  to  send  down  special 
tools  ami  cut  off  all  the  tube  above  the  upper  coupling, 
and  then  srrew  the  Lap  into  this  coupling  and  draw  out  the 
lost  rods.  At  times  fishing  dies  arc  used,  which  arc  screwed 
over  the  outside  uf  a  coupling,  lluis  enabling  tt  to  be  drawn 
from  the  hole. 
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143.     FiiEs.  87,  88,  81),  anil  DO  illustrate  a  mclhiHl  some- 
Times  ctnpluyed  to  recover  u  lusL  bit.     It  will  tw  scun  that 


PiO.  W.  Pio. »-  Flo   ». 

the  upper  end  o(  the  bit  A  has  become  so  jainnicd  lo  one 
side  that  it  is  impossible  for  a  Bflhing  tap  to  catch  hold  of  it. 
In  such  a  case  as  this,  it  would  be  ncccswiry 
either  to  abandon  th«  hole  or  to  drill  down 
around  the  bit.  Fig.  a7  shows  the  original  bole 
uf  th«f  diameter  /?wilh  the  bit  -■(  at  its  Imttuin. 
Fig.  S8  shows  the  bole  after  it  bad  liccn 
reamed  to  the  size  C  down  to  the  point  E. 
After  thi:  Imlc  has  been  reamed  to  the  ymini  12, 
a  casing  bit  is  intnKluccd  and  llic  annidar 
Sparc  //  //  shown  in  Fig.  89  drilled  down  about 
the  old  hole.  The  com  shown  in  Fig.  im  is 
then  drawn  up  in  the  urdinary  manner.  It 
will  be  seen  that  this  core  contains  the  lower 
end  of  the  old  hole,  with  the  lost  bit  nt  the 
bottom.  Fn>.  w. 


After  the  lost  bit  has  been  recovered,  the  hole  can  b« 
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continued,  Ihough  it  wUI  be  necessary  to  use  a  larger  bit  or 
to  start  a  lanall  bit  by  using  some  device  to  keep  tbe  tods 
centr:i]  in  Llit;  bole.  It  this  prvcautiun  is  not  taken,  ihc  h^ik 
ma,y  run  out  rapidly  from  tills  point. 

144.  If  the  hkIs  have  simply  become  unsc:rewed,  il  mar 
be  possible,  by  a  little  cari?f\il  work,  to  screw  them  together 
onrc  more  and  tiraw  thrm  out  withoui  the  use  of  any  special 
tiK>U,  III  cascf,  where  the  rods  have  become  broken  or  a 
thread  has  been  stripped,  it  will  be  necessary  to  use  one  (>i 
the  special  tools  or  devic(.-<i  known  as  Bi^hing  taps,  fishing 
dies,  etf.  These  arc  scruwed  into  or  over  ihc  end  of  the  lort 
rods  or  core-barrel,  after  which  they  may  be  drawn  out.      ■ 

145.  Sometimes  lost  dkIs  may  be  recovered  by  u:un£i 
block  of  dry,  hard  wood  in  place  of  a  fishing  tap.  The  wood,-!, 

Fig.  III.  is  screwed  into  the  end  of  a 
nxl  Jf.  The  rod  is  then  lowered 
down  the  hole  and  the  wood  driven 
into  the  upper  end  of  the  lost  rods, 
asshowninFig.  ftJ.  After  the  wrwd 
S  has  been  driven  into  the  rod  C, 
water  is  poured  down  through  the 
rodA  and  thcphigallowcd  toswcll. 
By  this  means  the  two  rods  are 
firmly  united  and  may  be  drawn 
out  together.  This  method  is  very 
useful  in  reccverliig  core-barrcls 
bits,  or  short  pieces  of  rods.  Ith»s 
the  advantage  thai  no  turning  of 
the  rod  A  is  necessary  in  making 
the  coupling,  for  it  issometimc^  the 
case  that  the  bit  or  core-barrel  may 
rotate  with  the  fishing  tap,  thus 
rendering  it  impossible  for  the  tap 
to  obtain  a  sulBcient  hold  an 

lost  piece  to  bring  it  nut. 

At  times  a  <ltamond-drill  hole  contains  so  much  watt 
that  the  plug  would  become  swelled  long  before  it  could  be 
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driven  into  the  lost  rods.  In  such  a  case,  the  portion  of 
the  wood  projecting  from  the  rod  can  be  given  a  coat  of 
paint.  After  the  wood  has  been  driven  into  the  rod  and 
painted,  water  is  poured  into  the  rod.  This  acts  upon  the 
unpainted  end  grain  of  the  wood  as  exposed  in  the  tube,  and 
the  block  will  swell  and  connect  the  rods  as  desired. 

When  the  lost  rods  become  firmly  wedged  in  the  hole,  it 
may  be  necessary  to  unscrew  them  by  means  of  a  left-hand 
fishing  tap.  When  left-hand  taps  are  used,  it  will  be  neces- 
sary to  pin  all  the  joints  of  the  rods  used  to  operate  them, 
unless  these  rods  are  also  provided  with  left-hand  threads. 

146.  L>ost  Diamooda. — It  frequently  happens  that 
diamonds  become  wrenched  from  their  setting  and  remain 
in  the  hole  after  the  rods  are  withdrawn.  It  would  be 
unsafe  to  continue  drilling  until  these  lost  stones  were 
removed  from  the  hole,  for  they  would  probably  wrench 
other  diamonds  from  the  bit  and  cause  a  great  amount  of 
damage;  hence  the  bottom  of  the  hole  must  be  cleaned  out 
and  the  diamonds  recovered  by  means  of  a  mass  of  soap  or 
wax  fastened  into  the  end  of  the  rods,  which  are  then  let 
down  the  hole.  The  diamonds,  together  with  any  other 
small  pieces  of  rock  on  the  bottom,  adhere  to  this  mass  and 
can  be  drawn  out.  At  times  there  is  a  stump  core  left  in 
the  hole,  and  consequently  the  above  method  becomes 
impracticable.  In  such  a  case  it  may  be  necessary  to  use 
a  percussive  bit  and  chop  up  the  stump  of  the  core  and  the 
diamonds,  after  which  they  are  washed  out  by  a  current  of 
water,  or  they  may  be  recovered,  as  before  stated,  by  means 
of  soap  or  wax. 

147.  Metbod  of  Settlns  the  Diamonds  In  the 
Bit. — The  tools  used  in  setting  diamonds  are  small  chisels 
and  small  punches,  and  the  diamond-setter's  kit  consists  of 
from  8  to  13  of  these  tools,  together  with  a  light  hammer 
and  one  or  two  small  drills.  The  smallest  chisels  are  not 
over  tV  of  an  inch  in  width  on  the  cutting  edge,  and  the 
largest  flat  chisel  is  rarely  uver  f  of  an  inch  in  width  on  the 
cutting  edge. 
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The  material  of  which  the  bit  hlanks  are  made  is  i  tofi 
steel,  which  can  be  calked  around  the  diamoDds  so  as  to 
form  a  perfect  setting. 

The  setter  first  cxaminca  the  diamonds  and  detcrmints 
the  best  cutting^  edge  and  potsition  for  each  indtviduitl 
carlxtn.  The  a'nc  and  character  uf  the  stone  also  largely 
determines  the  number  required  in  a  bit.  After  having 
decided  upon  the  number  of  stones,  he  takes  a  center 
(miR-h  and  marks  the  locations  in  which  he  intends  to  plact 
the  varioiitt  stonc»i.  Holes  are  then  cirtlled  in  the  location 
where  it  is  intended  to  set  the  curbons.  These  holes  ar^fl 
enlarged  with  the  chisels  and  their  l^wcr  ]>oniun  shaped  so 
that  they  will  receive  the  5tonc  and  form  a  g(.Mjd  bed  for  it. 
Pieces  of  copper  are  sometimes  forced  under  or  behind  tb« 
carbons  as  a  bed  against  wliich  in  calk  theni,  but  the  best 
sellings  are  made  when  the  tiieel  itself  is  carefully  formed 
fur  the  bed.  Af  icr  the  sloac  is  in  place,  the  steel  surround- 
iiig  the  hole  is  c;ilktd  down  anainst  the  stone  so  as  to  make 
a  perfect  setting,  and  usually  one  or  two  grooves  arc  filed 
across  the  face  oa  the  bit  in  order  to  provide  passages  for  J 
the  water. 

Kach  stone  should  have  a  good  iiearing,  and  be  so  set  that 
it  is  nut  liable  to  be  torn  out  of  the  bit  by  any  sudden  jerk 
which  it  may  receive  from  n  litosc  piece  of  rock.  Great  care 
nhoiilil  l>c:  tcikcn  lo  see  that  one  or  two  stones  do  not  have 
to  do  the  greater  part  of  the  work.  It  is  better  to  hav« 
each  stone  cut  only  a  certain  portion  of  the  face  or  side  of 
tlie  hole,  fur  if  the  stone  is  so  set  thai  it  has  to  cut  on  tn-o 
faces,  there  is  great  danger  that  it  may  be  wrenched  from 
its  selling.  It  is  a  y;iiod  plan  to  set  one  or  twostone.Hon  the_ 
sides  of  ihe  bit  as  clt-arancc  stones,  and  in  case  the  diameters 
of  Uic  bit  becomes  somewliat  reduced,  without  materially 
reducing  the  cutting  ability  of  the  face  carbons,  it  is  possi- 
ble to  reset  these  clearance  stones  and  so  save  the  entire 
resetting  of  llie  bit.  Clearance  stones  are  usually  smaller 
carbons  than  those  used  in  the  fare  of  the  bit.  Sometimes, 
carbons  arc  set  in  a  special  bushing  placed  alKjve  the  core* 
lifter,  so  as  to  slightly  enlarge  the  hole  and  Co  form  a: 
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additionnl  guide  for  llie  bit.  The  setting  of  cnrbniis  in 
reaming  bits  or  solid  bits  is  accomplished  in  a.  inuniier  i^innlar 
to  that  just  described. 

I4S.  Hecorda — In  flianioiul  drilling  it  is  very  impor- 
tant thai  accurate  records  mncerning  the  drilling  be  kept. 
In  average  drill  wurk  it  is  diHicult  to  obtain  a  core  ihc  total 
length  of  which  will  be  more  than  'M  per  cent,  of  the  dis- 
tance drilled.  At  the  Kamc  lime  there  ought  to  be  no 
trouble  in  determining  the  thickness  of  any  scam  to  within  a 
fraction  of  an  inch,  |)roviiliiig  the  si-am  does  not  exceed  a 
thickness  of  5  feet.  The  drill  runner  should  always  keep 
a  rule  at  hand,  and  at  every  change  in  the  drilling  which 
would  indicate  the  paswge  uf  the  bit  from  harder  to  softer 
material,  or  vice  versa,  he  should  tnuke  a  measurement  and 
note  the  depth  in  his  iit»te-book;  these  lueasureraenls  arc  to 
be  compared  with  the  core. 

The  chief  driller  should  keep  a  very  careful  note-bnok  or 
log,  recording  in  it  all  the^e  mcaKuremenis  and  points  of 
interest  in  regard  to  the  core.  The  supposed  or  known 
drift  of  the  drill  hole  should  be  recorded  by  the  engineer  in 
charge  of  the  surveying.  The  core  shoidd  be  saved  and 
arranged  in  its  proper  order.  For  this  purpose,  boxes  or 
trays,  provided  with  parallel  grooves  to  receive  the  core, 
should  be  provided.  These  grooves  may  be  made  by  simply 
nailing  thin  strips  of  wood  in  the  bottom  of  the  b^-ixes  or 
trays  in  such  a  manner  as  to  form  narrow  divisions  for 
the  reception  of  ihc  core. 

When  passing  through  lltick  formationsof  barren  material, 
it  is  not  necessary  to  save  ail  of  the  core,  only  samples 
from  time  to  lime  being  put  into  the  collection.  The  depth 
at  which  the  core  was  obtained  should  be  recorded  by  1h)>c1s 
upon  the  core  itself  and  by  lilocks  inserted  in  the  boxes 
occasionaDy  nn  which  the  depths  have  been  recorded. 

1 40.  Accuracy  AfculnHl  Spcutl. — In  the  case  of 
shallow  holes  drilled  todcterniine  ihc  thulcness  of  a  known 
formation,  such  as  a  dejjosit  of  iron  ore,  salt,  nr  gypsum,  it 
may  be  policy  to  push  the  work  rapidly,  as  small  discrepancies, 
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caiiacd  either  by  drift  or  by  the  li«s  of  portions  of  the  core, 
are  not  of  much  importance,  but  in  the  case  of  deep  holesoi 
when  ilrilling  for  more  valuable  material,  it  is  of  the  greatest  M 
importance  that  the  record  give  an  accurate  account  of  the  ™ 
formiitiun  passed  thrmigh;  for  this  reason,  it  may  he  neces 
sary  to  spend  a  great  deal  uf  time  on  the  drilling. 

When  the  drill  runner  sees  by  his  pressure-gauge  or  hy' 
the  behavior  of  the  machine  that  he  has  cut  intua  forinati<ii 
cither  harder  or  softer,  it  may  be  best  to  pull  up  the  toA^  at 
unce  and  iiivcsligale  the  condition  of  both  the  cure  anti  bit 
before  proceeding  into  a  neir  formation.  This  is  of  especial 
importance  when  prospecting  for  the  precious  inetals.  M 

It  is  of  great  importance  that  the   hit   be   resting  on  th<™ 
bottom  n{  the  hule  when  drilling  is  commencc<l,  fur  if  thisis 
not  the  c^isc,  cither  time  will  be  w:iHtctI  while  the  machine  is 
feeding  the  rmls  forwards  to  reach  the  bottom  of  the  hole ut  j 
the  rods  may  be  dropped  and  the  diamonds  smaslird.     It  iiV 
also  important  that  the    bit  be   carefully  brought  to  th< 
bottom  of  the  hole,  fur  if  it  were  dropped  there  would  be 
great  danger  of  smashing  the  diamonds. 

When  drilling  deep  holes,  that  is,  holes  over  7fK)  feet,  it  n 
necessary  that  every  portion  of  the  apparatus  Ix:  in  jwrfccl 
repair,  and  that  the  men  in  charge  of  the  work  use  their 
ulinost  skill  and  caution  in  each  operation.  If  the  men 
are  not  extremely  careful,  they  are  liable  to  cause  acci- 
dents, which  would  retard  the  work,  if  not  causing  the  losn 
of  the  hole.  No  ime  witlrunit  wtnsiderable  experience  sboul 
attempt  to  drill  a  deep  hole  with  a  diamond  drill. 

There  is  no  class  of  work  in  which  the  old  adage,  "T 
more  hurry  the  Icssspccd."  applies  more  fully  than  todiamom 
drilling,  for  when  the  men  get  in  a  hurry  they  arc  liable  to, 
drop  rode,  lose  diamonds,  let   the  bole  run  out  of  true,  and, 
do  a  number  of  similar  things,  all  of  which  will  result  in 
greater  or  less  delay  in  the  work. 
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IftO.     SIxc  nf  ttic  Hole. — As  a  general  rule,  it  is  bes 
to  use  the  snmllesL  bit  thiit  luti  be  conveniently  handled,  for* 
a  small  bit  means  less  cutting,  less  expense  for  diamonds, 
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and  greater  speed  in  the  work.  For  holes  from  500  to  600 
feet  deep,  bits  of  from  1|  inches  to  IJ  inches  outside 
diameter  are  used.  These  will  take  out  a  core  of 
from  W  inch  to  1  inch  diameter.  When  prospecting  for 
precious  metals  or  for  mineral  which  occurs  disseminated 
through  the  rock  formation  (as  some  zinc  and  lead  deposits), 
it  is  best  to  use  a  somewhat  larger  bit.  This  is  also  the  case 
in  prospecting  for  coal,  where  a  small  core  would  break  off 
and  grind  up,  on  account  of  its  not  being  strong  enough  to 
resist  the  action  of  the  bit  cutting  about  it. 

151.  The  Influence  of  the  AuKle  of  the  Hole. — 

Vertical  holes  give  very  much  less  trouble  than  those  which 
are  started  at  an  angle;  for  in  the  case  of  a  vertical  hole,  the 
rods  do  not  lie  upon  the  bottom  of  the  hole,  and  hence  the 
drilling-machine  does  not  have  to  overcome  this  great 
friction  in  addition  to  the  work  of  driving  the  bit.  It  is  much 
easier  to  keep  a  vertical  hole  straight  than  a  horizontal 
or  an  inclined  hole,  for  the  wear  upon  the  core-barrel  and 
rods  is. very  much  less,  and,  as  a  consequence,  it  is  easier 
to  guide  the  bit  than  in  the  case  of  an  inclined  hole,  for  the 
rods  immediately  back  of  the  bit  can  more  easily  be  kept 
the  full  size.  It  is  much  easier  to  handle  and  change  the 
rods  in  the  case  of  a  vertical  hole  than  when  drilling  at  an 
angle. 

152.  Drilling  from  Underground  with  a  Dia- 
mond Drill. — A  diamond  drill  is  frequently  used  for 
drilling  from  the  workings  of  a  mine.  This  is  commonly 
called  underground  diamond  drilling  to  distinguish  it  from 
drilling  done  from  the  surface,  which  is  called  surface  drill- 
ing. In  the  case  of  underground  drilling,  the  following 
points  may  be  noted : 

1,  Not  only  vertical  and  downwardly  inclined  holes  can 
be  drilled,  but  horizontal  and  upwardly  inclined  holes  are 
also  drilled. 

3.  The  drill  is  rarely  driven  by  steam,  compressed  air  or 
electricity  being  used. 

3.  The  water  used  for  drilling  purposes  is  often  furnished 
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from  tlic  water  cohiinn  of  the  miiie,  thus  doing  away  with 
the  necessity  f)f  n  |iiii)ip. 

■I.  Nu  derrick  is  rvqutrcd  to  huist  the  driU-r(xI<i,  the  tackle 
being  simply  attached  to  the  mine  tiralwrs  nr  the  roof. 

5.  No  shanty  or  shelter  is  required  for  the  men  and  thc^ 
machinery.  H 

0.  No  iiland-pipe  i»  required,  as  there  ih  no  drift  luntcrijJ 
to  be  passed  through.  At  times,  underground  holes  require 
casing. 

7.  When  drilling  holes  from  the  deep  levels  of  a  mine,  it 
is  not  uncommon  to  encounter  vralcr  under  great  prcMurtf 
Sometimes  this  water  will  farce  the  drill-rods  from  the  hole 
and  the  machinery  itiwU  may  require  bracing.  Under  sach 
circumstances  the  rods  Clinic  out  of  themselves  in  place  of 
being  hoisted  out,  but  they  have  to  be  forced  in  by  means 
of  jack-screws  or  with  the  aid  of  the  hoisting  rope. 

8.  Aside  from  the  points  already  noted,  underground 
drilling  dotrs  not  differ  materially  from  surface  drilling. 

153.  Rate  of  DrlllifiK.— The  rate  of  drilliog  varies 
greatly,  depending  upon  the  depth  of  the  hole,  the  charac- 
ter of  the  rock,  and  the  size  and  iiower  of  the  drill  being 
used.  Maud  drills  usually  average  between  10  and  30  feet 
per  shift  of  10  hours,  including  the  time  occupied  in  taking 
up  rods,  changing  core-barrels,  etc.,  but  not  counting  the 
time  required  to  move  the  machine.  It  is  rare  that  small 
drills  used  for  prospecting  i*  n  depth  of  700  feet  about 
mines  succeed  in  drilling  more  than  an  average  of  8  feel 
per  shift  throughout  the  year,  and  yet  some  phenomenal 
records  have  been  made  for  a  short  time— ^uch,  for  instaucr. 
as  the  taking  out  of  over  (i'l  fcc-t  of  core  in  "ii  hours,  or  llic 
boring  at  the  rate  of  30  ti»  -tO  feet  an  hour  for  a  short  time 
in  comparatively  soft  material.  This  rapid  boring  is 
always  advisable,  for  reasons  already  stated. 


ims 

1 


154.  Cont  of  nnilliiB;. — Several  tables  arc  here  given 
to  show  the  co^t  of  drilling  with  a  diamond  drill  in  various 
formations,  and  it  will  be  seen  that  these  r.osts  vary  from 
Jess  than  one  dollar  to  over  five  dollars  per  foot. 
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1  Sfi.  The  viiM  nf  Jrilliin;  2.fJH4  feel  of  linle  in  pnjsjxrrt- 
Utg  ihc  gnjuml  tliroLigh  which  the  Croton  Aquedurt  Tun- 
nel \v;is  to  [lass  is  given  as  follows: 

814  ft.  i*f  sntt  rnck  (dcciimposed  gneiss),  in  which  an  avei^ge 
of  a:}.l  ft.  [HT  fliiy  WAS  drilled,  at  a  cnst  of  ti,ir>  ptr  ft- 

347  ft.  of  hard  rnrk  (gneiss),  in  which  an  average  of  11, 1 
ft.  por  day  was  drilled,  at  a  rout  of  tS.&T  per  ft, 

923  ft,  of  rlaj',  gravel,  and  boulilers,  in  which  from  O^to 
J)  ft.  per  d:iy  were;  drilled,  at  a  cost  nf  44.07  per  ft. 

The  iivcragc  progress  per  day  in  drilling  the  entire  UJiM 
ft.  was  Id.a  ft.  in;rd;iy. 

ISH.  Id  the  Minnesota  Iron  Co.'s  mines  at  Soudaa 
Miii!ii!st)l;i,  lliL-  di.ini<^tid  drill  is  used  for  drilling;  holes  frnm 
10  tn  JO  feet  in  depth  in  the  back  of  tliestopcs,  pruclicailya]! 
tile  work  being  dnne  in  iron  ore.  The  average  cost  perfout 
of  drilling  l:l.fil2  feet  of  hulc  was  #.7703,  which  was  divided 
as  foUnws: 

Carbons •.3400 

Supplies,  oil,  etc 07lW 

Fuci 0400 

Repairs nsoil 

Labor .'■JTO:! 

Total ♦,:703 

157.     The  following  tables  give  the  cost  of  boring  at 

two  Michigan  mines: 

TABLE   I. 

ISHPBMING,  MICHIGAN. 


Labor 


Total 
cost. 

400J  days  setter  at  *:1.00  *I20n.75' 

:i72        '•     runner"    2.25       8;J7.00 
■JWtj      "  "        *'    2.00       4li0.50 

4J      "     laborer"    1.75  7.85, 

;arbon,  6S|  carats,  at  *itri.l44 «1, 0^5.47 

its,  lifters,  shells,  barrels,  and  repairs.  . ,.        433.81 

O!!,  candles,  waste,  and  snpplies 128.09 

Estimated  cost  compressed  air 374.60 


Cost 
peril. 


♦2,500.10     f.OCO 


.270 
.115 
.035 
.100 


Total t4,478.07  Iil.l95 


r\. 
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Number  holes  drilled 28 

Drilled  in  hematite 193  feet. 

"       "  jasper 64C     " 

"       "  mixed  ore 980     " 

"       "  dioritic  schist 1,921     " 

Total  drilling 3,746  feet. 

No.  of  10-hour  shifts  drill  was  running,  including 

moving  and  setting  up G03 

Amount  drilling  per  lO-hour  shift 6.2  feet. 


TABLE   II. 

Underground  drilling 6,075  feet. 

Surface  drilling 1,414     " 

Stand-pipe  sunk 470     " 

Total  distance  run 7,959  feet. 

Actual  drilling  time  underground 072  shifts. 

"           "           "     on  surface 165      " 

Time  of  foreman,  setter,  moving,  and  stand- 
piping  1,314      " 

Total  time  worked 2,151  shifts. 

Av.  progress  per  man  per  shift 3.70  feet. 

"    drill     "        "     actually  run- 
ning    8.95     " 

Weight  of  carbon  consumed Ill        carats. 

Dist.  drilled  per  carat  of  carbon  consumed. . .  C7.38  feet. 

Amount.  Per  foot. 

Cost  of  carbon tl, 887.00  $.237 

"      "  supplies  and  oils 134.13  .017 

"      "  fuel 360.73  .045 

"     '*  shop  material,  etc 663.36  .083 

Pay  roll 4,000.03  .502 

Total  cost $7,045.25  #.884 
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spKciAi,   mi:tiioi>!9   ano   devices   for 

l>IAM(l.\n    IlUllvLINC     IN    SOFT    OR 
801.CBLB    MATEHIAI,H. 

158.     Tllis  may  be  divicled  intn  lw<»  |>arts;  • 

1.  Methods  usiiiK  the  ordinary  drilling  uutfit. 
i.   Mcthuds  requiring  special  tools  ur  fixtures. 


MIlTllOnA  I'SIKG  THP,  ORHIKAMV    DRII.I.IMG  OVTPIT. 

1 5i*.     This  may  be  treated  uiidt-r  two  heads: 
1.    Mt^thods  adapted  tu  soluble  materials. 
3.  Methods  adapted  to  soft  materials. 

lAO.     MudiotlM  Aflapicd   to  Soluble   Maccrlals.- 

Whcn  drilling  through  soluble  materials,  such  as  salt  fc 
malions,  with  a  diamond  drill,  the  core  would  he  entirclj 
or  partially  dissfjlvcd  by  the  wash  water  if  the  ordiiiar 
methods  were  followed.  This  solution  of  the  core  may  be 
partially  or  entirely  prevented  by  ut«ing  a  saturated  solutina 
of  the  material  throu^rh  which  the  drill  is  passing,  in  place 
of  pure  water  for  a  drilling:  solution.  ■ 

IHl.     Metliuds  Adiiptud  (u  8uft  Materlal». — Some 
ores  are  so  soft  that  it  wmtUl  be  impossible  to  obtain  a  com- 
plete  core    white   vising    wash  water,  as  the  soft  portions 
would   be  ground  up  and  washed  away,  leaving  only 
harder  material  in  the  core-barrel.     The  soft  portions 
oftcrt  the  most  valuable  part  of  the  ore,  andheneeit  bcconi 
necessary  to    obtain   samples  fur  analysis.      This  may 
accomplished  by  running  the  drill  dry,  continning  the  work^ 
until  the  bit  blocks  or  shows  signs  of  blocking,  when  the 
rods  are  immediately  drawn  together  with  the  plug  or  Cor^H 
of  ore  which  has  forced  its  way  into  the  core-barrel.     It  H 
somelinies  necessary  to  pUi(f  the  upper  end  of  the  core-bar- 
rel with  a  piece  of  wood  to  keep  the  water  which  accuroO^I 
lates  in  the  rods  from  forcing  the  plug  or  tore  of  ore  out  of^ 
the  care-barret  and  bit  while  the  ruds  are  being  drawn  from 
the  hole. 
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When  the  drill  runner  encounters  a  body  of  soft  ore.  such 
as  hematite  irnn  ore,  this  method  of  drilling  may  be  con- 
tinued while  paKsing  thrmigh  the  ore-body,  or  part  of  the 
distance  may  be  drilled  in  the  ordinary  manner,  depending 
on  any  fragments  of  core  that  may  remain  in  the  core-bar- 
rel, the  wash,  and  the  behavior  of  the  drill  to  indicate  the 
character  of  the  deposit  passed  through.  It  is  only  the  soft 
ores  of  iron  that  give  this  trtniblc  in  drilling,  for  the  hard 
hematites  and  magnetites  furnish  gnod  rores.  By  this 
method  of  dry  drilling,  sample  corrs  may  be  obtained  from 
any  soft  material  which  partakes  of  the  nature  of  clay. 


I 


METHODS  KCgVIRING  BPECIAL  TOOLS  OR  FIXTVRBB. 

102.  As  this  class  of  work  is  usually  done  by  experts 
whn  take  contracts  for  prospecting  and  who  use  special 
devices,  which  in  mo:>t  cases  are  patented,  only  a  general 
description  need  be  given. 

The  diamond  bit  can  be  depended  upon  to  bore  through 
any  material,  no  matter  how  hard  or  soft,  and  for  this 
reason  it  has  been  found  to  furnish  a  most  perfect  core. 

The  cores  of  soft  materials,  such  aa  biluniinous  coal, 
sulphur,  etc.,  would  break  up  and  be  washed  away  if  the 
water  passed  down  through  the  core-barrel  in  contact  with 
the  core;  also,  owing  to  the  soft  nature  of  the  material,  the 
ordinary  styles  of  core-lifters  can  not  be  used.  To  overcome 
these  difficulties  special  core-barrels  have  been  invented,, 
which  protect  the  core  from  the  flow  t>f  the  wash  water. 

163.  There  are  two  general  styles  of  special  core- 
barrels: 

1.  Those  which  rotate  with  the  drill-rods  and  arc  in 
mality  only  double  core-barrels,  the  wash  water  passing 
down  through  an  annular  space  between  the  cure-barrel 
proper  and  the  outer  tube  which  drives  the  bit. 

'i.  Kon-rotating  internal  torc-burrcls.  These  may  be 
attached  to  a  separate  set  of  rods  passing  through  the  center 
of  the  drill-rods  proper,  butnot  rotating  with  them.     When 
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this  style  of  core-barrc-l  Is  used,  the  core  simply  feeds 
into  thcrorc-barrcl  as  the  bit  d(»cs  the  cutting. 

1 04.  Nun-rotating  internal  core-barrel;;  may  be  so 
constructed  that  it  is  necessary  to  draw  the  entire  set  of 
rods  to  obtain  the  core,  or  they  mar  be  ^o  arranged  that 
the  core-barrel  can  be  drawn  separately,  throuf^h  the  ccntc: 
of  the  drill-rods,  without  disturbing  the  bit. 

Rotatinj^  internal  core-barrels  may  be  so  arranged  thi 
they  can  be  drawn  from  the  inside  of  the  rods  without  dt 
turbing  the  bit,  but   when  so  arranged  they  are  generally 
drawn  by  means  of  a  wire  rope  and  a  go-devil. 

165.     Special     CArc-Llftcm Special     core-barrel 

may  be  provided  cither  with  the  standard  corc-Iifters 
with  specially  designed  corc-liftcra 

166>  Special  core-lifters  may  be  divided  into  two 
classes; 

1.  Those  which  depend  upon  the  mechanical  action  of 
hoisting  the  rods  or  core-barrel  to  close  the  core-lifter  upon 
the  core. 

2.  Those  in  which  the  core-lifter  is  closed  by  means  of 
water  pressure  or  some  device  aside  from  the  act  of  hoisting 
the  core-barrel.  The  advantage  of  this  style  of  core-lifter 
is  that  it  can  be  made  to  grip  the  core  before  the  bit  or 
core-barrel  is  disturbed  by  hoisting,  and  so  insure  the 
securing  of  the  entire  core  down  to  a  point  very  close  tot 
bottom  of  the  hole. 


c: 

I 

llj- 

I 


^ 


1B7.  In  drilling  through  soluble  material  with  a  special 
or  double  core-barrel,  it  may  be  necessary  to  use  a  solution 
of  thu  material  being  passed  through,  even  though  tbc 
wash  water  does  not  conic  in  contact  with  the  core  in  the 
corc-harrel;  for  if  ordinary  wash  water  were  allowed  to  t\ov 
up  through  the  drill  hole  it  woidd  dissolve  material  from  the 
sides  of  the  hole,  which  might  in  time  cause  a  great  deal  nf 
trouble  in  ca.se  it  should  l>c  necessary  to  fish  for  any  lost 
rods.  Then  again,  this  increase  in  the  siie  of  the  hole  wil| 
probably  increase  the  tendency  to  drift. 
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168.  Olliwr  Sp«Glnl  Devlccn  for  Ohtalnlne  Ham- 
plctt  Fruni  Soft  .Mntvrlal. — Under  this  h<%id  may  be  con- 
sidered such  tools  as  pod-bits,  trap-bits,  and  auger-bits, 
These  are  all  special  f<irins  f>f  boring  tnols  which  ran  be 
attached  in  place  of  Lhc  ordinary  diamond  bit,  and  which 
are  used  in  obtaining  samples  of  any  soft  mntcriat  nt 
the  bottom  o{  a  dianiuiid-drill  hole.  The  irap-bit  may  be  of 
the  auger-bit  or  pud-bit  typf,  but  it  is  provided  with  a  trap- 
door at  the  lovrcr  end  through  which  the  excavated  material 
can  pasts  while  the.  bit  is  in  action.  The  moment  the  bit 
ceases  to  be  fed  forwards,  tin;  Irap-door  close.**  and  secures 
any  material  then  in  the  bit.  These  bits  are  necessary 
where  water  would  wa»h  the  sample  obtained  by  boring 
with  any  other  style  of  bit. 


I 


A  FEW  SPKCIAL   AI>VAX TAGES   I»OSSF,SSrr> 
HV    I'llK  I}IAMO>lI»   l>UII.L. 

109.  Diamond  drilling  is  not  interfered  with  by  water 
in  the  formation,  while  if  the  prospecting  is  carried  on  by 
shaft-sinking,  the  removal  of  the  water  may  become  an 
extremely  expensive  item,  if  not  rendering  it  impossible  to 
proceed  with  the  sinking. 

A  given  formation  ran  be  penetrated  much  quicker  with 
a  diamond  drill  than  by  sinking  a  shaft. 

The  cost  per  foot  is  much  less  in  the  case  of  drilling  than 
In  the  case  of  shnfl-stiikiiig;  hence,  with  a  given  amount  of 
money,  more  strata  can  be  penetrated  with  a  diamond  drill 
than  by  the  sinking  of  a  shaft. 

When  a  prospecting  shaft  is  aband.one<l  for  a  short  time, 
it  fills  with  watwr,  which  has  to  be  removed  before  the  sink- 
ing can  be  continued,  while  if  a  diamond-drill  hole  is  left 
ttHe  and  the  stand<pipe  or  casing  undisturbed,  there  is  no 
expense  for  removing  the  water  from  the  hole  bcforedrilling 
can  bo  resumed. 

If  work  in  a  prospecting  attait  is  stopped  for  n  holiday  or 
over  Sunday,  there  is  alw&ys  a  stand-by  loss  for  pumping, 
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which  i%  avoided  in  the  rase  uf  a  di;ifnnnd-(lrin  hole 
account  o£  ihc  fact  that  water  in  the  hole  docs  not  interfere 
with  the  drilling.  

THE    UAVIS   CALVX  DRII.I.. 

170*    In  many  respects  the  Davis  calyx  drill  reserat 
the  diamond  drill.     It  requires  drive  tube*  ihr<»ugh  whit 
a  current  uf  water  is  kept  flowing  and  ha»  a.  tiit  vrhic 
cuts  out  an  annular  space,  leaving  a  core.     There  is  an 
essential  difference  between  these  drills  with  regard  to  tlic 
cutting  action  of  the  bits,  for  the  diamond  bit  cuts  graduall^^ 
and  turns  with  a  constant  speed,  while  the  Davis  calj^^J 
bit  may  actually  stop  for  a  time  and  then  turn  with  great 
rapidity.  ^^ 

171.  Fig.  93  shuw-s  the  bit  of  a  Davis  calyx  drill.     It  ^M 
simply  a  steel  tube  having  teeth  on  one  end  and  a  thread  on 

the  other  by  which  it  is  connected  to 

.'— _.  ^  -?      the  drive  tubes.     The   rear  of  each 

t'^oih  is  beveled  to  an  angle  of  about 
i;o  degrees  to  the  horizontal,  and  the 
rrutit  is  nearly  vertical.     In  order  to 
[■rovidc  a  clearance  for  the  calyx  tube 
r     /^IW'^fM     '""^  "  passaRe  fur  the  water  on  either 
/     ir      ■   I     ^^"^^^^  "^  ''■  *''"^  teeth  are  alternately  sot 
/      W      \J  l/l     in  and  out  just  in  the  same  manner 
pift.  w.  that  the  teeth  on  a  rip-saw  are  set 

The  cylinder  from  which  the  bit  is  made  is  of  the  best  steel 
and  is  about  ,*,  of  an  inch  thick  and  II)  or  ]3  inches  long, 
sn  that  it  will    have  snfllicient  materia!  tu  stand  rcpeate^H 
shar]iening.  ^| 

172.  The  action  of  the  calyx  bit  is  peculiar  and  stri- 
kingly  effecUvc.  The  teeth,  being  weighted  down  with  the 
bore  tubes,  take  a  com  para  lively  deep  hold  on  the  bottom 
of  the  hole,  which  prevents  the  bit  from  being  turned  until 
the  torsional  stress  in  the  tubes  is  sufficient  to  overcome  the 
resistance  of  the  rock  and  start  the  bit  rotating.  When 
this  takes  place,  the  bit  turns  with  lightning  rapidity  until 
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Ihe  potential  energy  siured  up  in  ihe  rods  or  tiihes  has  been 
expended,  when  it  slops  and  t^ikc^  anwther  deep  hold  on  the 
boLLum  of  the  hole.  Large  pieces  arc  in  the  meantime 
hurled  fnim  the  bottom  of  the  hole,  and  6n»l1y  ground  into 
particles  just  small  enough  to  pass  between  the  lube  and 
the  side  of  the  hole.  It  is  evident,  from  the  construction 
and  action  of  thi>;  bit,  that  while  successful  in  comparatively 
soft  rcjck,  it  is  unsuiied  for 
boring  in  very  hard  strata. 


1  73.     Fig.  94  shows  a 
Davis     calyx   drill     in     a 
hole.     The   calyx  tube  is 
fastened    near  its  middle 
to     the    bore    tubes     by 
mcansof  akcyaod  plug  6". 
The  top  portion  {)  of  this 
tube    forms    a    rcceptacl<- 
for  the  large  particles  from 
the  bottom  of  the  hole, 
and  the  lower  portion  />', 
to  which  the  bit  .-(  is  at- 
tached, formsacorc-barrel 
A  peculiar  feature  aboui 
this  drill   is  that  it   dues 
not  force  the  large  parti- 
cles of  debris  to  the  sur- 
face, but  deposits  them  in 
the  receptacle  as  shown  at 
E,  white  the  fim-  particles 
arc  carried  to  tlic  surface. 
This  separation  is  due  to 
the    fact    that    the    high 
velocity   which   the  water 
has  in  passing  up  between 
the   calyx   tube    and    the 


%. 
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side  of  the   hole  is  sudileiily  diminishe<I  at  the  top  of   the 
calyx  tube  un  account  of  the  increased  section  of  its  passage 
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aloiig^  llii:  Lure  lubL-.     When  Ihc  core  is  rennjved,  tlic  coarser  ^ 
material  is  clurai»ej  from  the  receptacle.     The  weight   upon 
the  bit  is  regulated,  ami  the  tubes  are  suspended  by  a  Uckleaf 
attached  to  [htm  by  the  swivel  S,     The  pump  fi"  forces  ■ 
water  into  the  Iwre  tubes  through  the  flexible  tube  T,  aitd 
the  entire  cycle  of  the  water  is  indicated  by  the  arrows,       ^M 

When  the  cure  is  tu  be  removed,  a  few  smalt,  hard  stons^^ 
are    dropped    down    the    bore  tubes;    these    tijjhtly   wedge 
tbeinselveii  between  the  core  and  calyx  tube,  and  whenever 
the  latter  is  raised,  the  core  is  broken  off  near  the  bottom 
and  raised  to  the  surface. 

On  account  tif  the  peculiar  action  of  the  Davis  calyx  drill, 
tlie  rate  of  advance  is  remarkable,  fretjuently  being  75  feet  per 
day,  counting  time  required  for  chang^ing  bits  and  removing 
cores.  In  case  very  hard  rock  is  met.  a  diamond  bit  cin  It 
used  and  rotated  ill  a  constant  speed.  The  rate  of  tuminc,, 
is  only  about  12  revolutions  per  minute. 
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MACHINES. 

1.  The  most  expensive  and  difficult  operation  in  the 
production  of  coal  is,  in  general,  the  process  of  loosening 
it  fmm  its  solid  sintc.  This  is  accomplished  in  three  ways: 
(I)  By  blasting  it  from  the  solid,  «s  is  dune  in  most  of  the 
mines  in  Ihe  anthracite  regions  and  in  many  biluniinous 
mines.  (9)  By  undercutting  and  blasting  down,  or  letting 
the  weight  of  the  roof  break  the  coiil;  this  process  is  fol- 
lowed in  a  large  proportion  of  the  bicnminnus  mines  which 
arc  worked  nn  the  ronm-and-pillar  system  and  in  all  mines 
that  arc  worked  on  the  longwall  princijjlc.  (U)  By  shearing 
cither  in  the  center  or  on  one  rib  and  shooting  to  the  shear* 
ing:  this  method  is  used  in  many  bituminous  mines  where 
there  is  a  strong  roof  and  where  the  run-of-minc  basis  is 
used.  There  is,  of  course,  some  intermixing  of  the  above 
methods  as  in  some  mines  they  both  undercut  and  shear  in 
order  l«  prutect  a  lender  roof  and  get  a  large  pr<jportiuu  of 
lump  coal;  for  when  the  co;d  is  both  undercut  and  sheared 
on  one  rib,  it  can  be  brniight  down  from  the  wilid  with  a 
very  light  charge  of  powder.  In  some  cases  na  powder  at 
all  is  used  and  the  coal  is  simply  wedged  down  after  being 
undercut  and  sheared. 

2.  Many  machines  have  been  cnn.'^tructed  to  undercut 
and  shear  coal,  and  they  arc  now  so  perfectctl  to  meet  the 
various  requirements  found   in  the  different  fields  thai  it 

For  aoUcc  of  lb*  cu|i]rriKhl.  m«  [wc'  liintinllklAly  (nllunriiiK  ih»  iltlo  p*c«. 
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may  safely  be  said  that  toal-cutlmg  machines  will  in  the  ^ 
future  fill  the  greater  proportion  of  the  undercutting  aB^fl 
shearing.  Tlic  must  successful  of  these  roachincs  maybe 
divided  into  two  classes:  (I)  Those  which  act  percus»ive)y 
and  cut  with  a  single  large  chisel,  very  mnt-h  like  perrussire 
rock-drills,  {i)  Those  wilich  cut  with  a  scries  of  steel  leeih 
which  successively  scrape  off  steps  of  coal.  This  latltr 
class  may  be  subdivided  into  four  classes:  (1 )  Those  wliith 
have  ;i  series  of  steel  teeth  mounted  on  an  endless  chaiii, 
which  is  moved  in  one  direction  so  as  to  cause  the  tcclh  Id 
cut  the  coal  continurtualy.  (3)  Those  which  have  the  teeth 
set  in  a  rotating  bar,  which  advances  parallel  to  itself  as  the 
teeth  cut  the  coal.  (3)  Those  which  have  the  teeth  set  in 
the  periphery  of  a  wheel,  which  rotates  and  advances  as  ihc 
cutting  progresses.  (4)  Those  which  cut  out  a  large  cylin- 
der of  coal  and  which  arc  used  almost  exclusively  for  drii'ing 
Headings. 


coa^ 


3.  Machines  for  mining  operations  have  been 
strijoted  to  be  operated  by  two  great  powers;  (V)  rom- 
prc.s.sed  air;  (2)  electricity.  The  former  class  is  the  only 
one  that  will  be  treated  in  this  Paper. 
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COMPRBSHBU-AIR    POWGR. 

■4>  Compressed  air  improves  the  ventilation  of  a  mine  to 
a  limited  extent,  and  in  t:ases  where  work  is  being  done 
advance  of  the  air-current,  it  is  sometimes  depended  upiKi" 
exclusively  Lo  %-ciitilatc  llie  workings.  In  mines  where  gas 
is  encountered,  compressed  air  is  entirely  safe,  because  i^| 
its  use  there  is  no  sparking,  as  there  is  in  the  use  of  elec- 
trical power.  Theref<ire,  in  this  class  of  uiinoi,  compressed 
air  is  frequently  u.sed;  it  will  undoubtedly  be  used  almogH 
exclusively  in  the  future,  owing  to  the  danger  of  igniting 
tlic  gas  where  electricity  is  employed. 

5.    Compressed  air  is  furnii^hcd  by  a  compressor,  whic^a 
is  situated,  U  possible,  at  some  central  poiut,  and  the  air  is 
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carried  from  the  compressor  to  the  different  working  faces 
throughout  the  mine  by  means  of  standard  wrought-iron 
pipes.  The  machines  are  connected  to  the  pipe  system  by 
means  of  a  section  of  rubber  hose,  which  is  usually  either 
made  extra  heavy  and  strong  or  is  wound  with  wire,  so  as 
to  withstand  the  pressure  and  prevent  it  from  injury  from 
falling  rock  or  when  being  dragged  over  the  rough  mine 
floor.  This  flexible  tube  gives  freedom  of  action  and  obvi- 
ates the  necessity  of  making  pipe-connections  having  flex- 
ible joints  and  enables  the  machine  to  be  moved  across  the 
working-face  of  the  room  at  the  will  of  the  operator, 

6.  In  compressing  air,  its  temperature  is  raised,  and  in 
consequence  of  the  cooling  which  takes  place  in  the  pipes 
running  through  the  mine,  considerable  energy  is  lost 
unless  the  air  is  reheated  just  before  using,  which  of  course 
is  generally  impracticable  in  mining  work.  However,  this 
objection  to  the  use  of  compressed  air  is  largely  overcome 
by  cooling  the  air  at  the  compressor  during  the  process  of 
compression,  so  that  it  will  not  suffer  a  large  diminution  of 
temperature  and  consequent  loss  when  taken  into  the  cool 
mine  through  pipes.  This  is  accomplished  by  water-jacket- 
ing the  air-cylinder  or  air-cylinders  of  the  compressor, 
and  in  the  compound  type  of  compressors,  by  passing  the 
air  through  an  intercooler  between  the  cylinders,  which  is 
made  up  of  a  network  of  pipes  having  cold  water  flowing 
through  them.  The  cooling  operation  is  also  assisted  by 
taking  the  air  from  outside  of  the  engine  room  whenever 
practicable,  so  as  to  have  the  incoming  air  as  cool  as 
possible.  This  is  more  fully  accomplished  in  a  compound 
compressor  having  two  or  more  cylinders  with  intercoolers 
between  them  than  it  can  be  in  a  non-compound  com- 
pressor, where  all  the  compression  has  to  be  made  in  one 
cylinder;  for  in  the  compound  compressor  more  cooling 
surface  is  secured  and  more  time  is  given  in  which  to  cool 
the  air,  since  the  air  goes  through  two  i>r  three  stages 
instead  of  one,  as  in  the  non-compound  machine. 
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7.  Taking  a  mining  plant  as  a  whole,  it  is  more  ccononi- 
ical  to  use  air  under  a  high  pressure  than  under  a  low  pre5> 
sure,  because  the  air  can  be  convcyctl  through  the  Kiinc  in 
smaller  pipes,  which  arc  less  expensive  and  can  be  mort_ 
easily  installed  and  refiaircd;  and  machines  with  smalb 
cylinders  oaii  Ik;  used,  fur  the  reason  that  air  under  hi( 
pressure  on  be  used  expansively  tu  a  greater  ticgrei;  than 
air  under  low  pressure.  The  use  of  high  pressure  ia 
machines,  however,  demands  a  valve  action  that  will  give 
a  |x>sitivc  and  sharp  cut-ofi  of  the  access  of  the  air  to  the 
cylinder- ports.  The  loss  of  pressure  in  pounds  per  square 
inch  by  the  flow  of  air  through  pi[)es  varies  directly  as  their 
lengths  and  increases  al>oiit  a>:  the  square  of  the  vdocitv; 
and  as  the  volume  of  air  varies  as  the  pressure,  it  is  evident 
that  a  much  greater  amount  of  energy  of  compressed  air  i» 
delivered  to  the  machines  at  the  working-faces  by  thcuscirf  , 
high  pressure.  ^H 

9,  A  great  advantage  in  the  use  of  compressed  air  is 
that  in  case  a  machine  operated  by  it  is  not  working,  no 
energy  is  lust,  as  most  of  the  modern  air-compres&orK  are 
fitted  with  pressure  regulators,  which  (i|>craic  throttle-vatvcs 
on  the  steani-])ipe  to  the  cumpressor,  causing  it  to  slow 
down  when  the  machines  are  not  in  use  and  the  pressure  i| 
the  pipcdinc  is  increased;  or,  Hci'  versa,  when  there  is' 
heavy  demand  by  the  machines,  the  throttle-valves  in  ll 
Btcam-pipe  are  opened,  giving  the  compressor  more  stea 
and  increasing  its  speed. 


9.  There  is  little  or  no  danger  in  the  use  of  mmpres: 
air,  as  when  a  pipe  is  burst  by  the  pressure,  it  simply  fli 
tens  out  and  the  escaping  air  does  no  damage,  simply  hav- 
ing a  tendency  tn  make  the  surrounding  s|wce  cool  and  to 
freeste  any  moisture  there  may  be  in  the  surrounding  air. 
The  exhaust  from  the  machines,  to  a  limited  extent,  has 
the  same  effect  on  the  working  places,  improving  their  vi 
tilation  and  keeping  tliciii  moderately  cool  and  comfortat 
for  the  men. 
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PICK    MACUINEH. 

lO,     The  pick,  or  pcrcussivt,  lype  of  machines  were  the 

first  power  machines  used  w 
undercut  and  shear  coal  li>  any 
considerable  extent,  and  uwiiig 
to  their  simplicity  and  adapta' 
bility  for  working  where  con- 
siderable timber  is  retpiired  to 
support  the  roof,  and  where  iron 
pyrites  or  other  impurities  arc 
found  in  the  coal,  there  can  be 
no  doubt  but  that  the  pick 
machine  will  always  be  used. 


I>K!h:KII>TIO\      4IF     THi;      I'ICU 
MAC  DIKE. 

11.  Fig:.  1  shows  a  pick 
machine  on  an  inclined  plai- 
form.  Il  consists  essentially  ol 
an  air  chest  a,  an  air-cylinder  f, 
and  a  piston>rod  r,  all  mounted 
on  wheels  w.  Inside  of  the 
chest  is  a  valve  motor,  which 
:i(l  m  its  air  to  the  cylinder  at  the 
different  ends  alternately,  giv- 
ing a  reciprocal  motion  to  the 
piston.  The  piston  is  made 
long,  so  that  an  undercut  can 
hi;  made  the  desired  de|>ih  with- 
unl  making  the  front  of  the  cut 
high  cnuugh  fur  the  main  body 
of  the  machine  to  enter.  The 
sleeve  s  is  strongly  bolted  to 
the  cylinder  and  serves  as  a 
front  cylinder-head  and  atso  as 
a  support  to  the  pisiun-rod. 
The  pick  />  fits  into  a  tapered 
socket  in  ihe  cud  of  the  rod. 
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and  iit  sharpened  like  a  Hsh-tail, ; 
this   form    is    the    least  liable 
glance  to  one  side  when  the  l»ioi 
i»  Hlriick.     Air  is  admitted  to  tt 
iiir  chcsi  through  a  valve  :■.     Tl 
speed  of  the  machine  is  govcrn< 
by  rotary  throttle-valves  /.     The' 
runner  controls  the  machiue  by 
thf  handles  h. 

1 2.  Kig.  3  shows  a  Inng^i 
liidinul  section  of  this  machi 
.ind  ilUistraieit  the  detailed  race! 
an  ism.  The  distinctive  featu: 
nf  this  type  of  machine  is  1 
valve  action,  which  is  indcpcn 
ent  of  the  action  of  the  main 
piston  feed  and  is  worked  bj* 
^  small,  independent,  single-cam 
^  tary  <»,  a  cross-section  of  which 
is  shown  at  {it).  The  ndvaniage 
of  lliis  arrangement  is  that  in 
case  the  piston  docs  not  make  a 
full  stroke  on  account  of  the  rt- 
sistancc  offered  to  the  bit,  or  in 
the  event  of  the  bit  sticking  in  a 
crevice  of  the  coal,  the  machine 
will  not  run  back  and  forwards  on 
the  piston  as  much  as  when  the 
valve  action  is  controlled  by  thi 
main  piston ;  therefore,  ihc  m 
chine  is  easier  handled  and  the 
is  less  danger  of  the  machi 
hurting  the  runner.  With  t 
t  ridejiendent  valve  action,  bo 
ever,  the  piston  will  not  strike 
heavy  a  blow  with  a  fraction, 
stroke  as  it  will  with  a  full  one. 
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The  small  rotary  engine  a  ttirn«  the  shaft  d,  on  which  is 
fastened  the  spiral  wheel  b,  which  travels  in  a  hardened. 
steel  cup  *",  whiL-h  is  Sfi  into  the  neclc  of  the  main  valve  v. 
By  this  arrangemeui  the  valve  is  given  the  necessary  travel 
on  the  valvc'seats  s. 

The  runner  controls  the  rotary  engine,  and  thereby  the 
main  valve,  by  the  throltlc-valvcs  ^,  there  being;  two  of 
these  valves,  one  gfovernin);  the  inlet  uf  the  air  and  the 
other  the  exhaii«t.  By  throiiling  the  exhan^it,  a  little  back 
pressure  is  secured  against  the  cam,  ^!ivin^|;  it  a  steadier 
motion.  The  f1y<whcel  in  is  used  to  start  the  rotary  and 
give  it  a  steady,  even  motion  while  in  operation. 

Prom  the  nalnrc  of  the  work  which  a  pick  machine  must 
do,  it  is  evident  that  the  IcnRth  of  the  stroke  must  vary,  and 
provision  must  bf  made  to  stop  the  piston  without  detri- 
ment to  the  machine  when  the  pick  meets  no  resistanee. 
This  is  accomplished  by  the  steel  buffers  /  and  leather 
cushions  /f.  ivliich  arc  supported  by  the  air  acting  as 
cushions  within  the  chambers  i.  The  small  passages  con- 
necting the  chambers  i  to  the  main  air  chest  have  check- 
valves  /in  them,  which  will  allow  the  air  to  pass  into  the 
cusliton  chamber,  but  will  not  permit  it  to  go  back  into  the 
air  chest  when  the  bnflTers  are  struck  liy  the  piston,  whereby 
a  greater  cushioning  effect  is  secured,  as  the  air  coming 
from  the  air  chest  is  at  standard  working  pressure,  but 
when  confined  in  the  small  cushion  chamber  and  still 
further  compressed  by  the  action  of  the  blow  of  the  piston, 
the  pressure  is  still  further  increased. 

The  air  is  admitted  to  the  main  cylinder  through  the 
ports  ^,  and  is  exhauBted  from  the  main  cylinder  through 
the  exhaust-poris  q,  as  shown  by  the  arrow.  The  cham- 
bers t  are  drained  by  means  of  the  plugs  c.  The  valve* 
motion  is  such  that  the  air  on  entering  the  cylinder  is  cut 
off  at  less  than  half  of  the  piston  strukc  when  the  machine 
is  being  operated  at  from  IRO  to  SOO  strokes  per  minute, 
regardless  of  the  position  of  the  piston. 

The  sockets  of  the  chuck  c  are  tapered  and  the  end  of  the 
I     piston  and  the  pin  of  the  pick  have  a  corresponding  taper, 
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so  a«  to  do  aw.iy  with  the  keying  of  ihe  chuck  on  li»  tbc 
pistol)  nr  of  itic  i>irk  into  the  chuck.     In  Fig.  1.  ihe  vhucl: 


is  not  used  and  the  t; 


iiscn  and  tlic  tapcrcu  socket  is  in  (nc  ciKl  oi  the  {ns- 
ton  itAcIf.  The  taperrtl  key /"  passes  tliriHi|:h  the  slccvel 
and  the  main  piston  u  and  is  held  in  place  hy  a  sct-scrcw  «. 
This  prevents  the  pislon  from  turning  ni^uml  and  holds  the 
pick  in  proper  position  at  nil  times. 

The  wheels  w  are  made  of  various  sizes,  ranging  from 
14  to  2t1  inches  in  diameter,  so  as  to  suit  the  various  require- 
ments of  the  different  veins.  The  hnslitng  j'  is  made  of 
bronze  nnd  is  intended  to  take  the  wcjir  of  the  piston,  and 
it  can  be  easily  and  cheaply  renewc<l  when  worn. 

The  machine  is  kept  oiled  by  the  main  antomntic  oiler  J", 
from  which  the  oil  is  carried  to  the  different  parts  of  the 
machine  by  the  air-mrrenl,  and  by  the  small  oilers  s,  which 
oil  the  bearings  and  supplement  the  automatic  oiler.  The 
weight  of  this  machine  is  about  7'A^  pounds  and  its  height 
is  about  17  inches,  and  it  will  make  an  undercut  of  from 
5j  to  G  feet. 

13.  Fig.  3  shows  another  type  of  pick  machine,  the 
distinctive  feature  of  which  is  the  valve  action,  which  is 


Pio.  9. 

positive  and  depends  upon  the  movement  of  the  main 
ton  on  a  rifilc-liar,  and  in  this  respect  it  differs  from  the 
machine  already  described.     The  cut-off  is  adjustable,  and 
conseqiientfy  the  machine  can  be  worked  successfully  under 
high  or  low  pressure. 

With  this  type  of  valve  action,  the  runner  ran  cause  the 
machine  to  run  back  up  the  platform  by  simply  altowtng  ihc 
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pick  tn  rest  ngititiKt  some  stroiij;  projcrlion  or  slumUtT  of 
the  roal,  and  if  the  (tu-k  sticks  it  must  free  itself  before  the 
bark  stroke  is  finished,  or  otherwise  the  machine  vril)  work 
back  and  forwards  •■n  the  pistun. 

These  two  machines  illustrate  the  gcnenil  types  of  pick 
machines,  the  ehief  tliflerencc  beiii){  in  the  valve  action. 


METHOD  OF  OPKHATI.'VG  TlfK  PICK   MACHINB. 

14.  The  pit'k  inacliinc  is  plared  upon  .1  platform,  as 
shown  by  Fig.  4,  whit-li  is  inrliiied  towards  the  face,  so  as 
to  neiitraliKc  the  recoil  of  ihc  machine  by  gravity,  and  at 
the  same  time  enable  the  operator  to  advance  the  machine 


' 


PlO.  1. 

as  the  cut  deepens.  The  ]>ick  strikes  from  190  to  210  blows 
per  minute,  as  desired,  and  us  the  machine  cuts  tinder  the 
coal,  the  operator  allows  it  lo  nin  forwards,  down  the  plat- 
form. The  helper  shovels  away  the  debris  or  cuttings, 
using  a  special  long-handled  flat  shovel.  Only  two  men  arc 
required  to  fipcratc  the  marhinc.  one  skilled  man  as  runner 
and  an  ordinary  Iabt>rer  a«  helper.  The  runner  sits  back  of 
the  machine,  taking  hold  of  one  or  both  of  the  handles,  ai>d 
directs  the  blow  of  the  machine  by  their  use.  He  places 
one  foot,  on  which,  as  a  rule,  he  fastens  a  small  block  of 
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w«juil  hy  a  Ivalhcr  strap,  under  one  of  the  whpcls,  thereby 
blocking  the  rccuil  of  the  iiucliine. 

15-  A  groove  is  first  cut  in  the  coal  along  the  bottom  to 
a  depth  of  I  foot,  and  3  or  4  feet  alnng  the  face.  Tliis 
groove  is  then  enlarged  by  til<>cktng  down  some  of  the  coal 
by  lifting  Ihc  pick  and  Blriking  several  inches  above  the 
first  gftwivf.  This  eiiabkri  the  runner  to  see  into  the  cut, 
and  he  repeals  the  same  operation  until  the  desired  depth  is 
reached.  When  the  cut  is  finished,  it  i*  from  8  to  lii  inches 
high  in  front  and  tapers  down  lo  4  or  .1  incht-s  in  the  rear. 
This  jjivex  the  ciiL  a  V  shape  and  causes  the  coal,  when 
blasted  down  with  a  li);lil  charge  of  powder,  to  roll  over  and 
out  of  its  original  position  in  such  a  manner  that  the  h>aders 
can  readily  attack  it.  Twf»  platforms  can  be  used  toadvan- 
tage,  &o  that  when  the  machine  has  completed  the  cut  on 
one.  il  can  lie  moved  to  the  other  without  stopping. 

10,  The  pirk  machine,  being  mounted  on  wheels,  can  be 
readily  shifted  from  oixc  platform  to  the  other  or  from  one 
room  to  the  other;  very  often  the  machine  ik  simply  pulled 
from  one  room  t*>  the  other  throujih  break-throughs  or 
cross-cuts  liy  the  machine  runner  and  helper,  and  in  this 
respect  it  is  very  much  more  convenient  than  other  types  of 
machines,  wiiicli  are  so  heavy  as  tn  require  intclimiical 
means  or  the  use  of  a  mule  and  driver  to  shift  them  from 
place  to  place.  As  a  rule,  the  pick  machine  is  moved  by  load- 
ing it  on  a  low,  flat  truck,  on  which  the  machine  runner  and 
helper  can  push  it  without  the  a^istance  of  mechanical 
methods. 


HHIiAMIW    WITH    1>ICIC   MACHINP.H. 

17.  Pig'  a  shows  a  pick  machine,  mounted  on  lar^c 
wheels,  for  shearing  or  making  a  vertical  cut  in  the  coal  at 
the  face  of  an  entry,  This  machine  is  in  all  rcs|)ccls  similar 
to  the  first  one  described,  except  that  the  wheels  Zf  are 
larger,  as  a  rule  ranging  from  '.H  to  40  inches  in  diameter. 
When  mounted  on  4r)-{nch  wheels,  it  will  make  a  shearing 
S^  feet  deep  and  to  an  equal  height  or  higher  if  placed  on 
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slark.  Pi^.  G  shows  the  mnchtne  jn  pnsittnn  for  making  i^j 
shearing;  on  one  side  of  the  entry ;  it  will  be  noticed  that  th^H 
lower  portion  of  the  shearing  is  made  wide  enough  for  the 


Pro.!. 

wheels  to  enter  the  cut.  This  is  necessary  where  a  deep 
cul  is  desired,  but  for  shearings  of  ordinary  depth  it  is  not 
essential. 

The  operation  of  the  machine  for  shearing  is  the  same 
for  undermittinjj,  exot^pt  that  the  nii:tier  has  to  assume  n 
iliffGrent  (jnsilion.  Where  Miere  is  siiRirient  height,  he  gen- 
erally directs  the  machine  hy  standing  iip  and  taking  hold 
of  hoth  haiidk-s. 

If  it  is  desired  to  both  undcrait  and  shear  the  coal,  t! 
undercut  is  first  made,  then  the  small  wheels  v  are  taken  t>H 
the  machine  and  the  large  wheels 'ec  put  on. 

Il  is  more  expensive  to  shear  the  coal  than  it  is  to  blast 
even  after  undercutting,  tut  a  larger  per  cent,  of  lump  coal 
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is  prcMlitced  in  the  tight  shot,  nwinjj  tn  the  fart  that  there 
is  a  ItKise  end,  and  less  powder  need  be  used. 

The  truck,  of  which  the  front  end  is  sliown  in  the  figure, 
is  used  to  carry  the  machine  from  place  to  place. 


CONDITIONS  FAVORABLE  AND  UNPAVORABLB   FOR 
PICK    MACHINES. 

IS.  Pick  machines  can  be  used  under  all  conditions 
favorable  to  mechanical  methods  of  mining  coal,  and  the 
only  conditions  which  preclude  their  use  where  undercutting 
is  necessary  arc: 

1.     Too  great  a  pitch,  or  dip,  of  the  vein. 

3.  Bad  roof,  where  props  must  be  set  up  close  to  the  face 
and  in  great  numbers. 

3.     Lack  of  working  space  along  the  face. 

The  second  difficulty  can  be  overcome  to  a  large  extent 
by  working  in  and  around  the  props,  as  may  be  seen  by 
referring  to  Fig.  4,  where  the  machine  is  shown  working 
among  props  and  cockermegs,  used  to  support  the  under- 
cut portion  of  the  coal. 

The  last  difficulty  is  encountered  in  longwall  work,  when 
the  gob  fills  the  space  where  the  coal  has  been  taken  out 
to  within  2  or  3  feet  from  the  working-face.  This  can  be 
overcome  to  some  extent  by  working  the  machine  at  an 
oblique  angle  instead  of  square  to  the  face. 

1 9.  It  will  be  seen  from  the  construction  and  method  of 
operating  the  pick  machine  that  it  can  cut  the  coal  sur- 
rounding any  foreign  matter  which  may  be  embedded  in  the 
coal,  and  can  therefore  remove  such  hard  material  without 
coming  in  contact  with  it  and  injuring  the  machine.  In 
this  respect  pick  machines  are  suitable  for  working  seams  of 
coal  having  rolls  in  the  bottom  and  containing  sulphur 
balls,  slate,  or  other  impurities,  which  will  blunt  or  destroy 
any  steel  cutting  tool  which  they  might  come  in  contact 
with. 

For  working  pillar  coal  on  which  there  is  any  squeeze, 
the  pick  machine  alone  is  applicable,  owing  to  the  fact  that 
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it  is  the  only  miichiite  lliat  is  light  and  can  be  quicklfiml     ' 
ca&ily  handleil  and  that  is  in  no  way  braced  against  the  roA 
or  surrounding  coal,  and    further    becau);c    it  can  nil  Iw 
affected  while   working   by   a  slight   settling   uf    the  cito^^ 
undercut.  f^^ 

There  is  a  still  further  limitation  lo  machines,  and  ihatB 
their  work  in  ihin  scams  of  coal;  but  in  a  great  many  cases 
this  can  be  overcome  by  doing  the  undercutting  in  Ihc 
bottom  fireclay,  or  clod. 

20.  A  long  working-face  is  boyt  for  machine  mining,  ait^ 
where  it  is  not  [lussible,  either  from  the  nature  of  the  r«^^ 
and  roof  or  the  method  of  working,  the  efficiency  of  mecha^H 
iral  methcjcU  of  iindcrculting  is  lessened,  Vxrcausc  mnf^H 
branches  of  pipe  are  required  and  more  frequent  shifting  i^r 
the  machine  from  place  to  place  is  necessary,  which  c<^H 
sumcs  time.  Again,  it  requires  that  more  fast  ends  b^^ 
cut,  that  is,  ihe  opening  cut  in  the  corner  of  the  r-x-m,, 
which  takes  rclatix'cly  more  time  than  the  cutting  of  tb^fl 
balance  of  the  room  after  oDe  cut  is  put  in  to  the  deiircd 
depth,  ^N 

21.  There  is  no  dnuin  that  as  far  as  practicable  tl^| 
methods  of  working  coal  scams  will  be  modified  in  the 
future  to  suit  machine  mining;  for  mechanical  methods  of 
undcrcuttiu};  have  j)roved  lo  besopraciieal  and  economical, 
and  iniiiing-maciiines  h:ive  wTtaiiied  such  .1  high  degR-e 
of  pcrfcciiou,  that  it  will  not  be  profitable  to  use  h.iiid 
methods. 

22.  Scams  of  coal  less  than  :i  feet  thick  can  not  be  as 

profitably  worked  with  machines  as  tliicker  veins,  becauM 
it  is  more  difliciilt  to  handle  the  machines,  .-is  the  workmen 
are  cramped  for  room;  but  this  limitation  will  apply  with 
ahnoRt  equal  force  lo  hand  methods.  I.nw  scams  require 
more  undercutting  for  a  given  niiljiut  than  high  ones,  atid 
therefore  machine  mining  is  evidently  mnro  economical  in 
seams  just  high  enough  for  the  machine's  to  be  ]»n)perly 
handled,  providing  other  things  are  equal.  Further,  as  a 
rule,  higher  rales  are  paid  in  thin-beams,  giving  still  more 
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margin  for  saving.  Of  course,  wjlli  any  nietliod  of  under- 
cutting, a  greater  pcrcciit^ige  of  lump  ur  uiarkelable  coal  is 
obtained  from  the  high 
seams.  For  instance,  it 
will  be  seen  by  rcfi-Triiig 
taFig.7  ttiat  theamoiiins 
of  coal  made  fine  by  im- 
dcrcutling  in  tlic  seams 
A  antl  fi  are  eqiiul,  be- 
cause llie  uiider(.-ut»  are 
the  same  size,  which  is 
gcnerallytruein  practice. 
In  lund  methods  a 
quite  general  rule  is  to 
put  in  an  tindcrcut  to  a 
depth  equal  to  the  height 
of  the  coal,  but  in  ma- 
chine mininfj  thi^  rule  is 
not  so  closely  tollowed, 
although  the  rule  holds 
good  to  a  considerable  extent,  as  the  Ik-sI  results  in  blasting 
are  secured  by  fullowicig  it  apiJioxitnately.  If  this  ruk-  is 
followed,  the  ratio  of  small  coal  to  lump  coal  is  the  same  for 
high  or  low  scams,  provided  the  undercut  is  V-shaped. 


PMJ.  7. 


WOHKING  CAPACITIKH  »P  ]>I^K  MACHINBa. 

23.  A.sidc  from  the  machine  itself,  this  depends  upon 
the  nature  of  the  coal  mined  and  the  strength  and  tact  of 
the  runner.  A  jjtmd  machine,  siicli  a.'i  has  t)rcn  illustrated, 
can  undercut 4o'i>  sijuari:  Icet  in  ID  hours,  where  an  ordinary 
man,  doing  nothing  but  undercutting,  could  undercut  about 
VM  square  fetrt  in  the  same  time.  In  other  words,  a  pick 
machine  will  undercut  from  5u  to  IDO  tons  of  coal  in 
10  hours  in  seams  varying  in  thickness  from  4^  to  6  feel. 
The  cost  of  uiidcrcut'-inij  cuul  with  piirk  machines  in  :seamH 
from  A\  to  tJ  fct-l  tliick  is  up))ro.xin)utely  10  cents  per  ton. 
These  figuies  mu:it  not  be  confused  with  phenomenal  records 
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which  have  been  made  ami  whirh  are  the  exception  and  mrt 

the  rule.   Ill  Western  Pennsylvania,  a  pick  machine  has  under' 

cut  as  much  as  1,400  square  feet  in  9  hours,  and  in  6-ioui 

,  svams  the  pick  machine?  have  each  cut  a&  hi^h  as  ^4U  Ivta 

:r  shift  of  10  hours, 


CALCULATIOKn  KF.LATt^iG  TO  PICK    MACHISCH. 

24.     Thti  wnrk  dunu  hy  each  stroke  u(  a  pick  nuchiQC 
can  be  caleutated  hy  the  formula 

ff  X  33,001) 


U  = 


ft 


(I.) 


til  which  [/  =  work  done  per  stroke; 
Jf/=  horsepower; 
M  =  nnmber  of  strike*  per  Tninnic. 

EXAWPi-a.— A  5-htirstp"iH"cr  |>Uk  mitcUim;  ir)ak>p^  l<K>^tTi>ktv)p<Tcnln- 
Ule;  ivlwl  amount  of  work  Is  iloiic  liy  the  iiiUinK  ctlgc  uf  the  pick  per 


Soi<UT(OM,^      if=- 


m 


=:  I.CIOO  foot -jMiH nils.     Ans, 


25.     Tlic  i'or»:e  I'f  a  bK»w  struck  by  a  pitk  niachinc  can  be 
determined  by  the  formula 


(2.) 


in  which  F  =  cutting  force  of  pick  in  pounds; 

7'  =  velocity  of  pick  in  feet  per  second  at  moment 

of  impact; 
IV—  weight  of  pick  (and  piston)  in  pounds; 
i/  =  depth  of  cut  per  stroke  in  feet; 
g-  =32.IG. 

Example.— It  is  found  that  a  pick  machine  whose  pick  and  piston 
weigh  2(N)  pounds  cuts  to  a  depth  of  2  inches  per  stroke,  and  that  the 
velocity  of  the  pick  at  impact  is  20  feet  per  second.  What  is  the  cut- 
ting force  of  the  pick  ? 

20»  X  300  X  12 


Solution, —    /"=  -. 


2x  aaifl  X  3 


=  7,462.7  pounds,  nearly.    Ans. 
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26.  The  student  should  carefully  notice  that  the  force 
with  which  the  pick  strikes  depends  largely  upon  the  dis- 
tance it  penetrates  the  coal.  For  instance,  if  the  pick 
struck  soft  "mother  coal,"  it  would  penetrate  it  for  perhaps 
a  foot,  while  if  it  struck  hard  rock  it  would  penetrate  it  for 
perhaps  only  J  of  an  inch.  In  either  case  the  energy  stored 
up  in  the  pick  at  impact  would  be  given  up  in  a  space  equal 
to  the  depth  of  the  cut,  and  therefore,  since  it  requires  a 
greater  resistance  to  stop  the  pick  in  J  of  an  inch  than  it  does 
to  stop  it  in  1  foot,  it  is  evident  that  the  blow  is  greater  on 
the  rock  than  on  the  "  mother  coal." 

27.  The  velocity  of  the  pick  at  impact  can  be  deter- 
mined by  the  formula 


K=/^^^-i.orV^  (3.) 

in  which  V=  velocity  at  impact  in  feet  per  second; 
ir=32.1G; 

a  =  area  of  piston  in  square  inches; 
/  =  steam  pressure  in  pounds  per  square  inch; 
/  =  length  of  stroke  in  feet; 
If  =  weight  of  pick  and  piston  in  pounds; 
U~  work  done  per  stroke. 

Example. — The  diameter  of  the  piston  of  apick  machine  is4  inches, 
the  weight  of  the  piston  and  pick  is  200  ptmnds.  Ihe  length  of  the  stroke 
is  10  inches,  and  the  air  is  used  at  a  pressure  of  75  pounds  per  square 
inch.     What  is  the  velocity  of  the  pick  at  impact  ? 

Solution. —  • 


■=/ 


sivi To =  1^-*  f*<^*  ?*•■  second,  nearly.. 

lew  XI*  A 

Ans. 


28.  If  the  power  remains  the  same,  it  is  evident  that 
the  greater  the  number  of  strokes  of  a  pick  machine  the 
less  will  be  the  energy  given  to  each  stroke,  and  conse- 
quently the  depth  of  cut  will  be  less.  It  has  been  found 
most  economical  to  use  a  given  power  in  producing  a  com- 
paratively small  cutting  force  and  rapid  blows  of  the  pick. 
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PICK  ttHBABIXG-MACUlMB. 

20a  ^V-  ^  shows  a  pick  ur  dircct^actinu  shcjring- 
maehinc  vspVL-ially  adapted  fordrivtiii;  entry  where  the  coil 
vtU  shoot  from  ttiu  »oii6.     The  principle  of  the  machiuc  u 


I 


essentially  the  same  as  that  of  the  pick  machines  alrcwlj 
deM^ribvd.  The  cylinder  e  Is  plvutally  supported  on  tl 
frame/",  so  that  it  can  nif»vc  through  an  angle  of  aliout  (1(1 
The  ijiby  supports  llic  i:ultcr  r«Ki  ('.which  is  an  (-•xlL-H^ion  i 
the  ptston-riKl/>,  and  cm  the  end  of  which  is  placed  the  bill 
The  o|icration  of  the  machine  is  entirely  under  the  conit 
of  the  operator,  who  directs  the  blows  by  means  of 
lever  m,  which  works  a  system  of  gears  engaging  with  tj 
curved  rack  r.  A  special  piece  of  track  bound  together  wi^ 
iron  ties  Is  kept  in  advance  of  the  common  track  for  tl 
machine  to  stand  upon  while  at  work.  The  chain  s.  whirl) 
is  fa^lcned  to  the  end  i  of  llie  rail  and  the  bottom  of  the 
rear  jack  h,  is  used  lu  hold  the  machine  in  place  and  t<^ 
advance  it  by  turning  the  lever  /  whenever  a  etit  has  bc«ii 
made  from  lop  to  bottom  equal  in  depth  approximately  to 
the  length  of  the  stroke  of  the  piston. 

3CK    This  machine  will  make  a  shearing  in  the  centen 
the  entry  fl  inches  wide,  from  5  to  8  feet  deep,  and 
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4  to  10  feel  high.  It  strikes  quickly,  about  300  strokes  per 
minute,  and  weiyhs  l.fiOO  poiiruls.  A  great  advantagu  with 
thiii  Eurm  of  shearer  is  its  a.hilit)'  tu  work  ahave  ami  1>cIdw 
large  and  around  small  suljihur  balls,  the  former  being 
bruken  when  possible  by  a  hammer  and  the  latter  being 
removed  without  actually  cutting  them  up,  which  is  practi- 
cally impossible. 

31.  Shearing-machines  make  it  possible  to  drive  entry 
rapidly  and  al  the  same  lime  to  produce  lump  or  good  mar- 
ketable coal,  and  there  can  be  no  doubt  but  that  these 
advantagcit  will  hasten  the  tim«  when  it  will  be  commer- 
cially possible  to  artnpt  the  best  all-arnnnd  method  nf  work- 
ing almost  every  seam  of  coal,  namely,  loiigwail  retreating, 
which  consists  of  driving  entries  to  ihc  bnundailcs  of  the 
territory  to  he  fipvclnped  and  workiiig  mil  the  coal  from 
the  boundaries  to  the  drift  mouth  or  shaft  bottom. 


CHAIS-CUTTIiR  MACIIINBS. 


IIKMCNIFXION  (IF  A  CIIAIX>CUTTKR  MACHINR. 

32.  Fin.  "  shows  a  view  of  a  chain-cutter  machine  which 
consists  esseiilially  of  a  btrd-frame,  a  sliding  chain-cutter 
frame,  and  an  engine.  The  tcd-frarac  consists  of  two  rect- 
angular steel  channcl-hars  a  and  two  steel  angle-bars  ^  fast- 
eucd  together  hy  mean.s  of  heavy  cast-steel  and  wruught-iron 
braces  c.  The  feed-racks  </,  which  are  made  of  the  best 
rolled  steel  and  have  mnchine-eitt  involute  teeth,  are  mounted 
on  the  bed-frame.  These  racks  are  m.^de  lip  in  sections,  so 
that  in  case  a  tooth  gets  broken  it  can  be  replaced  without 
renewing  the  entire  rack.  The  rear  end  of  the  bed-frame 
is  provided  with  hooks  c  for  moving  the  machine,  and  a 
cross-bar  /,  on  which  the  jack  for  taking  the  backward 
thrust  of  the  machine  is  placed. 

A  heavy  sleel  cross-girt  j  joins  the  channel-bars  a  at  the 
front  end  of  the  bed-frame.  The  jack  g,  by  which  the 
tnacbine  is  braced  against  the  coal  face,  is  placed  on  top  of 


§27 


COAT.-CUTTING  MACHIXERY. 


21 


this  croKs-girt,  and  the  guides  for  the  center  rail  of  the  sli- 
ding ciiltcr  frame  arc  attached  t"  the  bottom  of  it.  These 
guides  consist  of  two  adjustable  steel  {iari»  of  extra  length, 
to  give  large  wearing  surfaces  to  the  composition  gibs  which 
form  the  bearing  of  the  center  rail.  The  bcd-frainc  is 
designed  strong  and  rigid,  so  that  there  can  be  no  bending 
due  to  the  incquulitic!!  in  the  floor  of  the  mina  or  the  jack- 
ing down  of  the  machine  just  before  starting  a  cut.  This 
rigidity  of  the  frame  docs  away  with  the  friction  which  is 
unavoidable  in  light  flexible  framest. 

The  Abutter  frame  is  shaped  like  an  isosceles  triangle,  and 
consists  merely  o£  one  steel  center  rail,  a  culter-hcad  //,  and 
two  side  guides  ((•  for  the  cutter  chain  /.  This  sliding  frame 
is  contained  wholly,  with  the  exception  of  the  cutter-head, 
within  the  stationary  h^d-frame.  This  arrangement  insures 
perfect  protection  to  persons  working  around  the  machine 
while  it  is  in  operation  or  being  moved  from  one  place  to 
another.  As  this  frame  comes  in  direct  contact  with  the 
coal,  it  is  made  strong  and  has  large  wearing  surfaces,  and 
as  its  shape  is  tr:angular,only  three  wheels  arc  required  for 
the  culler  chain — two  sheaves  in  the  ciitter-head  and  a 
sprocket-wheel  at  the  apex  of  the  frame  for  conveying 
power  to  the  cutter  chain.  The  ccnler  rail  is  secured  to  the 
sliding  carriage,  on  which  the  engine  in  is  plated,  by  means 
of  a  steel  step  casting.  An  auxiliary  cutter  (nut  shuwn  in 
the  figure)  U  placed  at  the  middle  and  on  top  uf  the  cutter- 
head  A  to  resist  the  side  thrust  produced  by  the  cult«r 
chain. 

The  driving  mechanism  consists  of  two  steel  pinions  and 
two  steel  gears,  while  the  feeding  mechanism  consists  of  a 
system  of  worms  and  gears.  The  valve  n  controls  the  air 
supply  to  the  engine,  and  the  feed  mechanism  is  controlled 
by  the  lever/. 


33.    Owing  to  the  fact  that  these  machines  must  be 

taken  from    one  .room  to  another,    their  size  is  restricted 

,     within  certain  limits.     For  instance,  as  they  must  be  placed 

K    upon  a  truck,  they  can  not  be  wider  than  the  gauge  of  the 
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track  nor  longer  than  a   mine-car,  ollicrwtse  special 
vUiun  would  have  to  be  made  with  regard  to  the  width 
height  of  many  purtions  of  tlic  hanlagcways,     Tbi»ol>5Uc 
however,  is  not  of  any  particular  consequence,  as  it  U  fuul 
that  other  conditions,  such  as  weight  and  room  at  the  woi 
ing'face,  reduce  the  must  cconuroio  sizt*  fur  Lheste  machit 
even  below  that  required  for  transportation. 

34.    Fig.  10  shows  a  side  view  {a)  and  a  front  view 
of  a  portion  of  a  cutter  chain.     It  also  sbonrs  a  bit 

cutter  (ct),  which  is  made  of  good  tool  steel.     The  cndieM" 
chain  carrying  the  cutters  is  subjected  to  great  stresses  ilq 


PlO.  10. 

a  great  amount  of  wear  and  tear,  and  consequently  must 
made  strong  and  of  as  few  parts  as  possible.  Since  the 
cutters  must  be  sharpened  frequently,  provision  must  be 
made  to  make  them  detachable.  This  is  done  by  meant  of 
sockets  in  each  allernutu  link  /,  in  which  the  cutters  are 
placed  and  held  by  set-screws  j. 


TYPES  OP  CHAnv-CVTTBR  UACaiNRfl. 

35.  The  general  principle  and  construction  are  the  s; 
for  all  modern  chain-cuttcr  machines,  the  only  difference 
being  in  the  ileiails.  which  the  student  can  readily  under- 
stand after  studying  one  type,  as  soon  .is  he  sees  them,  and 
therefore  they  need  not  be  described  in  this  Paper. 
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MKTIlOnH  OP  OPRUATIKO   AKt)  HtlirTIXG  ClIAtN-cm 

MACMIKKM. 

litt.  The  npt-ralinn  «f  lliuse  marhJnes  can  be  uni)ersl< 
by  rcfcrruig  tu  Fig.  H,  in  which  oni:  is  shoirn  at  work, 
is  first  placed  tlirecllj'  in  front  (*f  the  working-face;  at 
point  where  the  undercut  is  to  be  started,  and  lerL-lcd  tip  I 
&iiit  the  iKUIum  of  the  scam  of  cnti).  By  placing  an  ird 
rail  under  the  rear  end,  the  machine  can  lie  slid  a)on;{< 
after  each  cvit  is  made.  The  niarhtne  is  held  rigidly  in' 
place  by  the  rear  jack  a  being  placed  against  the  rouf  and 
tightened  up,  and  the  front  jack  fi  l>e[ng  braced  tightljr 
ayainst  the  face  of  the  coal.  The  (tpcraior  usually  sianiis 
as  shown,  and  as  the  chain  cleans  the  cuttings  away  as  thi7 
are  made,  a  helper  is  not  absolutely  necessary,  as  is  the  case 
with  pick  machines;  yet  it  is  bt-st  to  have  an  ordinary 
laborer  to  keep  the  cuttings  shovck-d  away  and  help  the 
runner  slide  the  machine  along  the  face  i>f  the  room  from 
time  to  lime  as  each  cut  is  completed.  ^H 

37.     When  the  cut  is  niadr  across  the  room,  the  machine 
is  slid  to  the  road  head  and  mounted  on  a  truck  such  aft 


Pio.  tt. 

shown  in  Fig.  12.     The  truck  is  run  to  the  end  of  the 
and  the  giiide^'  run  mit.     Th*?  front  «nd  •»{  the  machine  is 
tlren  placed  upon  this  guide  and  the  hook  on  the  end  of 
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chain  t  U  placed  in  tlie  bolo  in  the  brace  r,  Fig.  9,  at  tbe 
iiitfldle  of  thu  rear  c-iid  of  th«  macliinc.  The  machine  is 
filially  piilltfd  on  lo  Ihe  truck  by  nu-ans  of  the  windlass  «', 
which  \%  operated  by  the  ratchet-lever  I.  The  truck  is  then 
drawn  to  the  next  place  by  a  mu)e  or  horse  and  the  machine 
rim  off  to  begin  a  new  cut  as  before. 

For  low  scams  the  bed-frames  of  the  machines  are  pro- 
vided with  axles  and  wheels.  The  wheels  are  removed  while 
the  machine  is  working  and  replaced  whenever  it  is  neces- 
sary to  transport  it. 


CONI>ITIONS  rAVORABr.R  AND  UKFAVOH«nLB  TO  CII*I?I- 
Ct'TTKM    MAi:MINK!t. 

38.  In  order  that  chain-cutter  machines  can  be  used,  It 
is  essential  that  the  seam  of  cunl  be  comparalively  free  from 
balls  of  iron  pyrites,  for  it  is  practically  impossible  to  cut 
through  them;  and  if  the  cutters  come  in  contact  with  a 
large  sulphur  ball,  ihcy  break  or  become  blunted,  or  some- 
thing el»c  \*  liable  to  break  about  the  machine.  If  the 
cutter  chiiin  is  suddenly  stopped  while  running  at  full  speed, 
enormous  stresises  are  set  up  throughout  the  various  parts 
of  the  m.Tchine,  showing  ihat  the  weakest  part  should  ba^ 
strong  enough  to  withstand  such  stresses. 

Another cnnilitiniT  under  which  these  machines  can  not  be 
worked  is  where  the  roof  is  had  and  props  must  be  used 
close  to  the  face  of  the  enal.  A  clear  space  of  13  to  1R  feet 
in  width  is  necessary  along  the  face  to  work  chain-cutter 
machines.  It  is  found  that  these  machines  are  failures  at 
some  mines  on  account  of  the  inces-sant  jarring  of  the  roof 
by  the  r^-.ir  jack.  Where  there  are  crosS'.slips  in  the  roof. 
the  runner  is  in  great  danger  of  rork  falling  from  the  r<»of 
on  account  of  this  jarring. 

39.  It  is  impracticable  to  work  coal-cutling  machiae*'^ 
cither  in  pitching  or  in  very  low  seams,  because  of  the  diflfi. 
culty  in  handling  them   under   the  conditions  which  esi.st 
there.     In  pitching  seams,  tran.sporling  the  machine  fnim 
one  place  to  another  is  tedious  and  troublesome,  and  great 
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difficulty  w  cnci-mntercd  in  ki-cpiiig  ihu  maciiine  up  i'>  its 
■work  ant]  sliding;  it  »Um)ir  tlic  fact*  a  Hliort  distance  at  a  time 
an  llic  cut^  arc  finished.  Tn  Imv  sc.irn«,  Imwever,  tlie  great- 
est (iifficiilly  is  fuunil  in  sHdinsj  llie  iii.iL-yiinc  along  the  fiicr, 
because  there  Is  not  KiifTiciKnt  rnnin  fur  the  wnrkmeii  tn  use 
tilt;  tiiirs  nnitl  Ifvcrji  t't  advaoifige.  Cliaiti-rilttff  macliiiieS 
cart  n<r>t  t>c  used  to  undercut  cnal  having  Ji  s<iuccze-  uiKifi  it. 
which  is  generally  the  case  in  pillars,  laeeaiise  the  cosil 
pressrs  down  iipitn  the  iMiltcr-hcnd  whik'  the  inacliiiie  is 
wcirkiiig^  iinil  evctitunlly  fttup-t  it. 

Orv  the  other  hamU  scams  which  arc  comparatively  Icvtl 
ami  frcK  from  sulphur  balls  can  be  worked  more  satii- 
factorilj'  and  ccinomifally  with  ch.iiii-i-uttcr  machines  than 
with  any  other  type,  providing,  of  course,  that  the  roof  is 
good  enough  tn  permit  their  use. 
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WOHUINC  CAPACITY   OF  CHArK^CtlTTER    MACHINRIB. 

40.  There  are  s'l  many  ciinditions,  such  ;is  hard!  rojl,  had 
roof,  slips,  and  sulphur  balls  in  the  foat,  and  time  required 
for  mnvitig  and  for  repairs,  whirh  affect  the  results  of  chain- 
cutter  machines  that  it  is  impossible  to  give  anything  but 
an  approximation  of  their  capacity.  A  good  chain-cutter 
machine,  however,  will  make  from  'M  to  45  cuts,  44  inches 
wide  and  (i  feet  deep,  in  10  hours,  under  moderately  fair 
conditions. 


CHAIN-CUTTEH    SHEAUING-MACHINKS. 

4 1 .  These  have  not  been  used  to  any  considerable  extent 
as  yet,  and  none  have  been  built  to  run  by  compressed  air, 
electricity  being  the  power  used.  They  are  in  principle, 
however,  like  the  ordinary  chain-cutter  machine,  except 
that  the  sliding  frame  is  held  in  a  vertical  plane  and  the 
bed-frame  is  supported  on  columns. 


§27  COAL-CUTTING    MACHINERY.  27 

CALCULATIONS  RELATING  TO  CH  AIN>CtJTTBII  MACHINKS. 

42.  The  rate  of  feed  is  proportional  to  the  speed  of  the 
cutter  chain  in  a  chain-cutter  machine.  Hence  the  cutting 
force  of  the  chain  can  be  found  by  the  formula 

^^Pxwm^        (4.) 

in  which  F=  cutting  force  of  cutter  chain  in  pounds; 
P=:  horsepower  of  engine; 
5  —  speed  of  cutter  chain  in  feet  per  minute. 

Example. — If  a  15-horsepower  engine  drives  a  cutter  chain  at  the 
rate  of  300  feet  per  minute,  what  is  the  mean  cutting  force  of  the 
chain? 

15  5^  33  000 
Solution. —    F—  - — ^tttt^ —  1,650  pounds.    Ana. 

It  is  also  evident  that  the  rate  of  advance  and  the  speed 
of  a  chain  cutter  are  inversely  proportional  to  the  hardness  of 
the  coal  being  cut,  providing  the  power  remains  the  same. 


CUTTER-BAR    MACHINES. 

43.  These  machines  have  been  almost  entirely  replaced 
by  the  chain-cutter  types,  because  it  has  been  found  difficult 
to  make  them  strong  enough  to  withstand  the  strains  to 
which  a  mining-machine  is  subjected  when  coal  containing 
balls  of  iron  pyrites  or  a  roll  in  the  bottom  is  encountered. 
The  horizontal  cutter-bar  which  contains  the  teeth  or  cut- 
ters is  turned  by  a  sprocket-chain,  and  the  driving  mechan- 
ism and  cutter-bar  are  advanced  as  the  cutting  proceeds, 
very  much  the  same  as  the  sliding  frame  and  driving 
mechanism  of  the  chain-cutter  machine.  There  is  a  chain 
on  both  sides  of  the  bed-frame,  which  is  provided  with 
scrapers  to  convey  the  cuttings  from  the  cutter-bar  to  the 
front  of  the  undercut. 

Where  conditions  are  favorable,  the  cutter-bar  machine 
has  a  capacity  about  equal  to  the  chain-cutter  machine,  and 
it  can  be  worked  under  conditions  suitable  for  a  chain-cutter 
machine. 
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Tllli:    LONGWAL.L.    MfXCNG-MACtllN'C 

44.     The  longwall  tnining-mnchine,  as  itsnanie  impli 
IK  t!Spcci;il)y  deKigned  far  undercutting  a  loiigwall  face. 
consist!*  of  an  engine  or  a  motor  mnuntcd  on  a  bed-frame, 
and  a  large  cutter  wheel,  in  the  periphery  of    whicli  a 
placed  the  cutters  or  bits,  in  a  manner  quite  similar  to  that 
of  setling  the  cullers  in  the  cutter  chain  or  the  cutter-bar 
of    lliL-    niachjnt-s    Hlr<*atly    destrribed       The    be<l-framc   is 
mounted  on  wheels  which    run  either  on  a  single  rail  or 
an  ordinary  track  laid  parallel  to  the  face  of  the  coal.     The 
feeding  mechanism  is  usually  variable,  and  in  case  foreign 
matter  is  eneoiintercd,  the  operator  can  vary  the  an^le 
the  cutter  wheel  so  as  to  cut  over  or  under  such  ol>stacl 
This  also  enables  the  operator  to  follow  the  irrugiilariticR  ii 
the  boituni  of  the  seam.     The  rail  or  track  on  whieh  i 
mai-hiiie  travels  is  taken  up  behind  and  laid  in  front  of  l 
niuL-hiiie,  making  it  possible  undt-r  favorable  conditions  t 
kcei)  llic  machine  continually  at  work  ami  to  make  anunclc; 
cut  800  feet  lonj;  and  from  31  to  5  feet  deep  in  10  hours. 

Owing  to  the  fact  that  loiigwall  methods  arc  not  gcncr-: 
ally  employed  in  America,  these  machine;:  are  used  mostly 
in  Kurope,  and  even  there  they  are  not  very  extensively 
used.  Electricity  is  used  to  run  the  modern  longw-ill 
machines,  and  a  description  of  such  a  machine  is  given  in 
another  Paper. 


'"^^V 


THB    AL'GBR    MI.\i:«JG-MACMINK. 

4Sa     This   machine  is  constructed  on  the   principle  of 

making  an  undt^rcut  by  lioring  a  great  number  of  holes  near 
the  bottom  of  the  scam,  in  sucli  a  manner  that  the  adjacent 
ones  will  itilerscct  each  other.  It  consists  of  n  number  of 
augers  placed  in  the  same  plane  and  parallel  to  each  other, 
a  bed. frame,  and  an  engine  or  motor.  The  augers  arc 
simultaneously  turned  by  the  engine  through  a  system 
gear-wheels,  and  the  bits  of  the  jiugers  form  a  broken  line^ 
so  the  one  hole  will  cul  inio  the  other;  and  a  rut  equal  in 
depth  to  the  length  of  the  augers  and  equal  in  width  to  ti 
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distance  across  t1ic  fac«  of  the  l^iis  will  be  made  when  the 
augers  have  advaiK'.ed  the  full  run  of  the  machine.  C>ther- 
wise  the  machine  is  made  and  handlL-d  like  the  chain-nitter 
or  cutler.har  machine.  These  auger  mining-machines  have 
not  been  used  to  any  great  extent,  and,  further,  they  are 
rapidly  falling  inlo  disuse.  Fnr  this  reason  they  are  not 
illustrated  ur  mure  fully  described. 


THE   STAXI.KY    HKADKK. 

4fl.  This  machine  is  shovrn  in  Fig.  13.  The  driving 
and  the  feeding  mechanisms  arc  placed  upon  a  massive 
frame  «,  which  is  mounted  on  wheels.  When  the  machine 
is  in  place  to  commence  work,  it  is  held  fast  by  the  top 


I'tr,.  IS. 

jacks  />  ami  tlic  side  ones  c.  At  the  end  of  the  main  shaft  s 
an  auger  drill  (•  is  placed  for  the  purpose  of  steadying  the 
cutler  fr:ime  while  the  machine  is  working.  The  cutter 
frame  consists  of  the  cross-head  /t  and  the  arms  /,  on  the 
ends  of  which  the  cutlers  or  hits  arc  placfid.  The  driving 
niechani»ni  i*  si»  constructed  that  diffrrcnt  rates  of  speed  of 
the  cutter  frame  can  be  produced  for  a  given  rate  of  feed 
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advance,  nt  the  will  of  the  operntor  or  whcii  difFca-r 
decrees  vt  liardncHft  arc  found  in  the  coal.  As  the  mail 
shaft  rntalcs.  it  advances  and  turns  the  rnttcr  frame.  Th«' 
bits  cut  nnt  an  annular  groove  from  !)  tu  Sf  inrhrs  wide, 
forming  a  complete  cylinder  of  coal  as  long  as  the  arms/. 
When  this  is  dootf,  the  machine  is  run  baok  and  the  coal  is 
Ukirii  down  and  luai1<^  u{>.  The  machine  is  a^^ain  «ct  in 
plat-i:  and  another  cylinder  cut  out,  ^| 

The  cuttings  arc  forced  to  the  front  of  the  annular  grwive 
by  the  scrapers  on  the  armsy,  and  from  here  lliey  are  raked 
Lo  vne  side  of  the  machine  by  a  helper  whenever  the  revolv^l 
ing  arms  arc  not  in  the  way.     Lumps  of  coal  which  fali^ 
from  the  fare  aru  also  drawn  to  the  side  by  the  helper,  and 
finatly  loaded  into  a  car.     In  many  of  these  machine.<i,  how^| 
ever,  the  cutting*  and  the  coal  that  fall  while  the  machine 
is  working  art  taken  from  the  face  by  a  friction  worm  and 
loaded  into  a  mine-car  by  means  of  a  conveyer  or  elevator. 

47.    The  principal  use  of  this  machine  i$  for  entr>' drifl 
ving,  especialiy  where  it  is  not  desired  to  make  lump  coaland 
wherethework  must  be  pushed  rapidly.    The  Stanley  head< 
can  cut  nut  a  cylinder  of  bituminous  coal  4  feet  in  dianieM 
and  S  feet  in  length  in  Ifi  minutes,  and  after  making  the 
necessary  allowance  for  removals,  a  rale  of  advance  equal  u 
75  feet  per  shift  of  10  hours  is  accomplished.     Where  it 
ncccR5ary  to  drive  wide  entries,  two  machines  may  be  worked 
side  by  side,  thus  driving  two  p.irallcl  entries  which  nearly 
intersect  each  other.     The  ihin  pillar  left  between  thcracan 
easily  be  cut  out  with  a  pick.     If  the  coal  could  be  removed 
as  quickly  ns  the  cutting  is  done,  the  machine  could  advance 
an  entry  12  fc-ct  wide  35  feet  in  10  hours.     As  coal  varies  so 
much   in  hardness  and  in  the  amount  of  impurities  it  con- 
taiiw,  it  is  puKsibIc  tu  give  only  an  approjiimation  of  the  cos^h 
of  driving  entry  with  the  Staidey  header,  which  is  aboti^| 
25  cents  per  linear  foot  when  a  single  cylinder  4  feci  in  diam. 
etcr  is  cut  out 


MINE  HAULAGE. 


(1459)  How  ftiany  stages  of  underground  haulage  are 
there,  and  which  should  be  the  shorter  ? 

(14(>0)  How  many  classes  of  wire-rope  haulage  are  there  ? 
Name  them. 

(1461)  Is  it  always  economy  to  use  a  self-acting  plane  for 
haulage  ?     Give  reasons. 

(1462)  In  what  does  the  mechanism  used  on  self-acting 
planes  with  heavy  pitches  differ  from  that  used  on  self-acting 
planes  with  light  pitches  ? 

(1403)  Which  is  preferable  on  a  self-acting  plane  with  a 
light  pitch,  a  two-rope  system  or  an  endless-rope  system  ? 

(1464)  What  is  essential  when  the  length  of  a  gravity- 
plane  of  light  pitch  run  with  a  pair  of  ropes  is  increased  ? 

(1465)  Under  what  conditions  are  gravity-planes  of  great 
value  in  mine  haulage  ? 

(1466)  Describe  that  type  of  self-acting  incline  known  as 
ajig- 

(1467)  On  an  ordinary  self-acting  incline  run  by  two 
ropes,  why  must  one  rope  run  off  the  bottom  of  the  drum 
while  the  other  runs  off  the  top  ? 

(1468)  At  what  point  on  a  self-acting  plane  run  by  two 
ropes  do  the  trains  begin  to  acquire  a  higher  velocity,  and 
why  ? 

(1469)  What  mechanisms  are  sometimes  used  to  replace 
a  drum  on  a  self-acting  incline  ? 

(1470)  Under  what  conditions  is  it  necessary  to  make  the 
opening  for  the  self-acting  plane  as  narrow  as  possible  ? 

For  mitice  iif  ilie  i-opyritlii.  sfi>  page  immediutL'ly  fiilliiwing  thv  litle  page. 

.     F.    m.—4d 
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incline  a.  source 


(1471)     Why  is  timbering ona  se!f-acl 
nl  danger  and  expieuye  ? 

(1173)     What  provision  should  be  made  on  a  seJf-actini 
incline  to  prevent   a  train  from  running  away,  incase  t 
rope  should  break  ? 

(1473)  What  adviintage   hasa  grip-wheel  over  a  double- 
ro(>e  reel? 

(1474)  How  does  a  grip-wheel  hold  the  Tope  ? 
What  arc  the  advantages  of  geared  drums  ? 
What  are  deflecting  sheaves,  Eincl  what  3.re  thet 


I 


(1475) 
(1476) 
uses  ? 

(1477) 

(ins) 


What  are  the  disadvantages  of  a  fle«^t-wheel  ? 

On  a  drum  of  given  size,  one  rope  has  two  turnaj 
around  the  drum  and  another  has  four  turns;  how  much, 
more  hold  or  grip  lias  the  latter  than  the  former  ? 

(1479)  If  two  wheels  are  connected  by  rope  hells,  and 
there  are  two  half  coils  on  each  wheel,  how  many  coils  wouldj 
that  be  equal  to  if  but  one  wheel  were  used  ? 

(1480)  Incase  ynu  had  a  self-acting  incline  of  uniform 
grade  that  did  not  work,  by  what  means  could  that  plane 
be  made  self-acting;  that  is,  how  and  where  would  you 
change  the  grade  to  make  it  self-acting  ? 

(1481)  What  is  the  cause  that  retards  the  extension  and 
rapid  action  of  self-acting  inclines  at  small  pitches  ? 

(1482)  How  many  varieties  of  brakes  for  self-acting 
drums  are  there  ?     Describe  each. 

(1483)  What  three  important  points  regarding  inclina- 
tion must  be  considered  in  the  operation  of  gravity-planes? 

(1484)  What  is  the  operative  force  of  self-acting  inclines  ? 

(1485)  If  a  body  weighing  500  pounds  moves  down  an 
incline  through  a  distance  of  200  feet,  and  falls  a  vertical 
height  of  30  feet,  what  weight  rising  vertically  will  balance 
the  body  moving  down  the  incline  ? 

(1480)  How  is  the  pull  affected  when  the  rope  is  not 
parallel  to  the  incline  ? 
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(1487)  What  two  considerations  are  most  prominent  in 
the  operation  of  gravity-planes  ? 

(1-188)  If  a  rope  l.SOO  feet  long  wciffhs  .1,500  pounds, 
and  the  incline  of  the  plane  on  which  it  in  used  is  equal  to  a 
grade  of  13  per  cent,,  what  force  is  required  to  move  the 
rope  7  Ans.  G07.fi  lb. 

(1489)  How  do  you  find  the  friction  due  to  an  empty  car 
descending  a  gravity -plan  u,  and  a  loaded  car  ascending  ? 

(1490)  A  gravity -plane  has  a  grade  of  10  per  cent.  It  is 
3,500  feet  in  length,  and  the  rope  attached  to  the  empty 
cars  at  the  foot  of  the  incline  weighs  J.SOO  pounds.  A 
loaded  car  weighs  4,000  puund^  and  an  empty  one  1,800 
pounds.  What  is  the  number  of  cars  that  must  be  run  in  a 
train  to  overcome  the  resistance  of  the  rope  at  the  start  of 
the  run  ?  Ans.  7  cars. 

(149i)  On  what  kind  of  inclines  can  the  jig  system  be 
successfully  used  t 

(1492)  Prove  that  the  jig  system  can  not  be  used  on  an 
incline  with  45  per  cent,  grade,  length  of  road  250  feet, 
weight  of  rope  per  foot  of  length  1.5  pounds,  weight  of  a  full 
car  4,000  pounds,  weight  of  an  empty  car  1,800  pounds,  and 
the  weight  of  the  jig  2.&00  pounds. 

(1493)  How  can  the  grade  be  changed  in  the  jig  incline 
mentioned  in  Question  14^(2  so  as  to  make  it  operate  ? 

(14l»i)  What  is  the  best  plan  to  deteraiiae  the  size  of  the 
rope  for  use  on  a  self-acting  incline  ? 

(1495)  What  is  the  tension  in  a  rope  when  the  loaded 
cars  leave  the  top  of  the  incline  under  the  following  con- 
ditions: A  loaded  car  weighs  4,000  pounds  and  an  empty 
car  1,800  pounds.  There  are  two  cars  in  a  train,  and  the 
grade-  is  one  of  *-J5  per  cent. ;  the  length  uf  the  incline  is 
1,500  feel,  and  the  weight  of  the  rope  per  foot  of  length  is 
.8  pound  f  Ans.  1,320  lb. 

(14;m!)  What  track  arrangements  should  there  be  at  the 
head  of  gruvity-pliuies  on  which  the  descending  loaded  cars 
raise  the  empty  ones? 


k. 


MIXE  HAULAGE. 


5« 


Lh«r 

1 


{1497)  What  prccaiilioiis  rHouUI  be  taken  lo  prevent  can 
from  descending  the  plane  before  ihcy  arc  properly  attached 
to  the  rope  ? 

(IWS)     What  is  a  safety-lock,  and  for  what  i^  ii  used? 

(]4t>»)     Under  what  conditioas  are  enginc-plancs  adopted .^ 
for  hanlafje  ?  fl 

(IM)Ci)  What  are  the  three  general  elapses  of  engine- 
planeti  ? 

(1501)  tn  what  ca»cs  arc  ungiuc-planes  superior  to  uth«r 
systems  uf  haulage? 

{150'J)     Where,  besides  at  the  head  of  the  enginc-plar 
are  the  haulagc-engint-s  sometimes  located  ? 

(1503)  What  IB  a  barney  f 

(1504)  ,  How  arc  sheaves  set  lo  carry  the  nipe  around  a 
curve  ?  ^_ 

(1505)  What  is  a  dra|i-bar,  and  what  is  its  use  ?  ^| 
(iSOfi)     Under  what  conditions  is  the  length  uf  an  engine- 
plane  haulajit;  such  as  lo  make  it  uneconomical  ? 

(lAU?)  What  is  the  timximuin  number  of  cars  that  should 
be  run  in  a  train,  and  what  is  tile  minimum  grade  for  an 
engine-plane  lo  attain  an  average  speed  of  10  miles  per 
hour,  when  emply  cars  are  running  back? 

(tSDS)  If  on  an  engine-plane  18  loaded  cars  weighing 
4,1)00  pounds  each  arc  huisied  with  a  haulage-rope  5,OC>0 
feet  long,  and  weighing  .8f*  pound  per  foot,  what  is  the  ten- 
sion in  the  rope  al  the  moment  the  engine  hauls  away  from 
the  bottom  of  the  incline,  the  grade  being  5  per  cent.? 

Ans.   5,730  Ib^^ 

(ISOS)     If  the  train  in  Question  15(>s  has  a  velocity  of  u| 
miles  per  hour,  what  is  the  horsepower  required  to  do  the 
worlc?  Ans.    l5i.S  H.  P. 

(1510)  Why,  in  calculating  tension  on  the  rope,  or  the 
horsepower  required,  should  the  full  weight  of  the  rope  be 
taken,  instead  of  the  average  weight  ? 

(1511)  Which  is  more  ccnnomtoal:  to  increase  the  speed 
of  the  haulage  so  as  to  make  double  the  number  of  trif 
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with  half  the  number  i)f  cars  and  with  a  lighter  rope,  or  to 
run  at  half  the  speed  with  double  the  load  and  a  heaVy 
rope  ? 

(1512)  In  case  the  hoisting-shaft  is  situated  in  a  shallow 
basin  of  such  character  that  the  loaded  trains  will  run  by 
gravity  to  the  shaft,  and  with  sufficient  fall  to  haul  the 
empty  trains  into  the  different  stations  in  the  workings, 
how  can  engine-plane  haulage  be  modified  so  as  to  form  a 
cheap  and  efficient  system  of  haulage  ? 

(1513)  What  horsepower  is  required  to  haul  25  empty 
cars  along  an  incline  ;t,000  feet  long,  on  a  grade  of  5  per 
cent.,  each  empty  car  weighing  1,500  pounds,  the  weight  of 
the  rope  per  foot  of  length  being  ,88  pound,  and  the  maxi- 
mum velocity  of  the  train  being  12  miles  per  hour  ? 

Ans.  94.2  H.  P. 

(1514)  On  what  classes  of  roads  can  the  tail-rope  system 
of  haulage  be  adopted  with  success  7 

(1515)  In  what  general  feature  does  the  tail-rope  system 
of  haulage  differ  from  other  systems  ? 

(151C)  Which  is  called  the  main  rope  and  which  the  tail- 
rope  in  the  tail-rope  system  of  haulage  ? 

(1517)  What  are  the  general  featuresof  tail-rope  haulage? 

(1518)  In  running  a  tail-rope  haulage  system,  what  are 
the  duties  of  the  engineer  to  insure  the  successful  operation 
of  the  system  ? 

(1519)  Under  what  conditions  arc  geared  engines  more 
economical  for  tail-rope  haulage  than  direct-motion  engines, 
and  under  what  conditions  is  the  direct-motion  engine 
preferable  ? 

(1520)  How  can  a  tail-rope  haulage  be  made  to  haul 
from  two  or  more  different  districts  in  the  mine  ? 

(1521)  Are  the  main  and  tail  ropesof  a  tail-rope  haulage 
always  of  the  same  weight  per  linear  foot  ?  If  not,  why 
not? 

(1522)  The  greatest  length  of  main  and  tail  rope  haul- 
age  in  a   certain    mine   is    7,000  feet,   and  the  tracks  are 
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perfectly  level;  the  weight  per  foot  nf  the  main  rope  is  .' 
pound,  the  weight  per  (not  of  the  tail-rope  i&  .6  pound,  the 
full  cam  weigh  4,5ui>  pounds,  the  empty  car*  l,!H\>  poumU. 
and  the  trains  consist  of  20  cars,  {a}  What  is  the  tension 
on  the  main  and  tail  ropes  ?  {^\  If  the  average  speed  o( 
trainn  is  10  tnilcs  per  hour,  what  is  the  horsepower  of  lie 
hauling  engines  due  to  the  maximmn  tension  in  the  roiwsf 

Ans.  {*)  66.1  H. 

(1JS23)     In  a  short  portion  of  a  mine  with  tail-rope  haul- 
age, the  main  rope  must  haul  a  train  of  20  loaded  cars  up  a 
grade  of  3  per  cent. ;   what  is  the  maximum  tension  in 
main  roite  when  a  full  car  weighs  4,fiOit  pounds,  the  m. 
rope  weighs  l.'i  ]x>und«  per  font,  the  tail-rope  .8S  pound 
foot,  and  the  leiigili  of  the  track  i»  6,000  feet  ? 

Ana.   5,88-3  lb. 
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ip  a 
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(ld24)  If  in  a  level  haulage  6,000  feet  long  there  is  J 
slight  up  grade  fiO  feet  in  length,  and  the  jiowcr  i-equired  for 
the  level  road  is  £HI  horsepower,  what  is  the  increased  power 
exerted  in  hnuling  the  load  up  the  short  grade  f 

Ans.  9a  9  H. 


J 


(1535)  AH  the  roads  of  a  tail-rope  haulage  leading  to 
shaft  have  a  mean  fall  of  i  per  cent.  The  greatest  len 
of  run  is  4,000  feel,  the  mean  velocity  is  11  miles  per  hour, 
the  haulage-rope  weighs. 8H  pound  per  foot,  the  trains  con- 
sist of  '10  cars,  each  loaded  car  weighing  5,000  pound.s,  and 
each  empty  car  3.000  pounds,  (a)  What  arc  the  tcnsiims 
in  the  main  and  (fi)  the  tail  rope,  respectively  ?  (f)  What 
the  horsepower  of  the  haulage -engine  ? 

(  (a)  -1.324  lb. 
Ans.  ]  {&)      a.TTCIb. 

(  (f)     81.4  H.P, 


at 
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(153S)  It  in  Question  X53d  the  main  rope  and  tail-rope 
weigh  .fJ  pound  and  :J.6fl  pounds  per  foot,  respectively,  (a) 
what  will  he  the  tension  in  each  rnpc.  and  [h)  what  wil 
the  required  horsepower  of  the  haulagc-engtne  t 

Ans.  (*)  74.4  H 
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(1537)  What  should  be  the  maximum  velocity  of  trains 
in  main  and  tail  rupe  haulage,  and  why  } 

(1528)  What  factors  must  be  determined  before  assuming 
the  number  of  cars  that  should  be  attached  in  a  train  in  tail- 
rope  haulage  ? 

(1529)  How  are  these  factors  found  ? 

(1530)  How  many  trains  can  be  run  out  by  a  main  and 
tail  rope  haulage  in  one  day  of  10  hours,  the  speed  of  the 
rope  being  13  miles  per  hour,  and  the  length  of  the  five  dis- 
tricts being  as  follows :  n,  0,000  feet;  d,  4,800  feet;  c,  2,500 
feet;  d,  7,000  feet;  *■,  3,000  feet  ? 

(1531)  If  the  output  of  a  mine  is  2,500  tons  of  coal  per 
day,  and  the  number  of  trains  to  haul  out  this  quantity  is 
46,  and  if  each  car  carries  2.5  tons,  how  many  cars  must  be 
used  to  do  the  work  ?  Ans.  23  cars. 

(1533)  Find  (a)  the  number  of  trains  that  can  be  run  out 
per  day,  (i)  the  number  of  cars  in  a  train,  and  (c)  the  horse- 
power of  the  engine  of  a  main  and  tail  rope  haulage,  for  an 
output  of  2,500  tons  in  10  hours.  The  coal  has  to  be  hauled 
out  of  4  districts,  a,  b,  c,  a:id  c/,  whose  lengths  are,  respect- 
ively, 4,250  ft.,  3,013ft.,  750  ft.,  and  514  ft.  The  average 
up  grade  of  the  roads  is  3  per  cent,  towards  the  shaft.  The 
cars  carry  3.5  tons  each,  an  empty  car  weighs  2,000  pounds, 
the  weight  of  the  rope  is  1.5  lb.  per  foot,  and  the  speed  of 
the  trains  is  11  miles  an  hour.  Allow  J  of  the  time  for 
delays  in  haulage. 

Ans.   (a)  01  trains.     (*)  11  cars,     {c)  133.G  H.  P.,  nearly. 

(1533)  What  three  most  important  points  must  be  kept 
in  view  in  the  construction  of  tail-rope  couplings  ? 

(1534)  What  are  the  uses  of  the  couplings  of  the  tail-rope 
for  a  main  and  tail  rope  haulage  ? 

(1535)  Describe  in  your  own  words  what  you  consider 
the  best  kind  of  main  socket  for  main  and  tail  ropes. 

(153G)  Describe  a  slip  or  detaching-hook  for  disconnecting 
a  haulage-rope  with  a  train  of  cars. 
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(IfiSJ)  Why  i&  it  samelimes  better  to  locate  the  engine 
md  Orum  for  underground  haulage  at  the  surface  thao  to 
fix  thtm  in  Iht  mine  ? 

(ISliS)      Describe   the   modes  of   conductfnjj   the  haula] 
ropes  from  tiie  surface  to  the  undeTground  worlcinjjs  oi  a 

mine.  ^H 

(15;J9)     Whichart'  better,  double  or  single  tracks  formai^^ 
and  tail  rope  liaula^u  in  thcinidergnniiid  wnrkingsof  a  mine  I 

(1540)  Dtrscrilic  the  principles  of  action  of  ihccndlcss- 
ropc  sytiteni  of  hiiulug^e. 

(1341)  Explain  the  arranyemeut  of  the  rope  band  in 
reference  ti)  three  nf  its  most  important  features  in  endless- 
Trtpc  haulage.  Jfl 

{I5l^.i)     Hnw  are  the  ropes,  kept  tight  in    an  endless-rope"^ 
haiiliiyf  ? 

(1543)  Explain  an  endless-rope  haulage  with  a  single 
band.  ^H 

(1544)  Explain   hoiv  a  single  endless-rope  band  iriay  h^^ 
made  todotliv  liaulax'e  out  of  several  branching  districts,  and 
include    in    your  dwscription    the   great  defects  in  sueh  an 
arrangement. 

(1545)  Explain  how  an  endless-rope  haulage  is  done  with 
main  bands  and  branching  bands. 

(154(1)      Show  the  advantage  of  gravity-planes  worked  with 

an  endless  rope  over  those  of  the  other  systems  of  double  ropes. 

(1547)  Show  why  haulage  with  an  endless-rope  system  is 
cheaper  for  undulating  roads  than  by  main  and  tail  rope  and 
other  systems  «(  haulage. 

(1548)  Show  the  ad  vantage  of  working  each  of  the  deflect- 
ing bands  of  an  endless-rope  haulage  with  motors  that  are 
actuated  by  transmitted  energy. 

(I54ii)  Show  how  a  gasoline-engine  might  be  applied  for 
bands  of  district  haulages. 

(1.55(1)  Show  that  in  large  mines,  where  the  coal  has  to  be 
hauled  out  of  many  districts,  it  can  be  better?  id  more  cheaply 
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done  in  many  cases  by  the  endless-rope  system  than  by  any 
other  known  system  of  haulage. 

(1551)  Show  that  locomotive  haulage  is  better  in  small 
mines  than  large  ones,  and  especially  where  the  roads  are 
comparatively  level. 

(1552)  Show  in  what  important  respect  the  fixing  of  a 
tail-sheave  for  a  tail-rope  differs  from  the  tail-sheave  for  an 
endless-rope  haulage, 

(1553)  What  should  be  the  smallest  diameter  of  a  sheave 
to  prevent  damage  from  the  bending  of  a  steel  rope  having 
19  wires  to  the  strand  ? 

(155+)  What  should  be  the  smallest  diameter  of  a  sheave 
to  prevent  damage  from  the  bending  of  a  steel  rope  having 
7  wires  to  the  strand  ? 

(1555)  Explain  two  good  tension  arrangements  for  keep- 
ing an  endless  rope  tight. 

(1556)  Explain  two  methods  of  attaching  and  detaching 
the  cars  of  an  endless-rope  band. 

(1557)  The  output  of  a  certain  mine  is  2,500  tons  per 
day,  and  the  length  of  the  road  along  which  the  main  haul- 
age-band runs  the  cars  is  5,31(0  feet.  A  car  carries  li  long 
tons  of  coal.  The  velocity  of  the  rope  is  2  miles  an  hour, 
and  the.  time  for  one  day's  running  is  10  hours.  As  the 
rope  is  sometimes  stopped  to  wait  for  work,  the  average  run- 
ning time  is  only  8  hours,  (a)  How  many  loaded  cars  are 
there  on  the  haulagc-band  at  one  time  ?  (l>)  What  are  their 
distances  apart  ?  .         ( (a)  103  cars. 

'  '(/>)  50. G8  ft. 

(1558)  The  output  in  tons,  the  velocity  of  the  rope,  and 
the  weight  of  coal  a  car  carries  are  unaltered.  If  the 
length  of  the  haulage-road  is  made  one-half  of  the  original 
length,  how  wilt  the  distances  apart  of  the  cars  be  affected  ? 

(1559)  How  much  can  I  reduce  the  weight  of  a  rope  by 
doubling  its  velocity,  and  haul  out  the  same  weight  of  coat 
per  day  as  was  hauled  before  with  a  heavy  rope  running  at 
a  lower  velocity  ? 


10 


MINE  HAULAGE. 


(1500)  Which  is  the  1>est  speed  at  which  to  run  an  endless- 
rop«  haubge,  two  or  four  miles  an  hour  ? 

(IS6t)  How  are  the  ropes  attached  to  the  cars  in  an  end- 
Icss-rnpc  haulage  ? 

(l&6i)  The  track  for  a  single  band  in  an  endless-rope' 
haulage  is  4,7U0  feet  in  length,  and  this  rope  hauls  out  970 
long  tons  of  coal  in  10  hours.  The  cars  carry  1 J  long  tons  of 
coal,  and  an  empty  car  weighs  l,20(J  jxtunds.  The  velocity 
of  the  rope  is  2^  miles  an  hour,  and  the  weight  of  the  rope 
is  3  pminds  per  f<K>t  of  length.  What  is  {a)  the  tension  la 
the  rope,  and  (^)  the  horscixiwcr  of  the  hauling  engine,  sup- 
poKing  the  mean  grade  of  the  road  to  b«  a  true  level  i 

.         I  (a)  4337.47  lb, 
'^"^'  1  (A)  tW.l>3H.  I 

(1503)    The  track  for  a  single  band  on  an  endlcss-ro 
haulage  is  4,7'iO  feet  in  length,  and  the  rope  t>and  hauls  o 
970  li»ng  tons  of  coal  in  10  hours.     The  cars  carry  1 J  lonjf 
tons  of  coal,  and  an  empty  car  weighs  I,'20(*  pounds.     The 
velocity  of  the  rope  is  2-J  miles  an  hour,  the  weight  of  the 
rope  is  3  pounds  per  foot  of  length,  and  the  road  has  a  mea: 
upgrade  to  the  shaft  of  2J  percent.     What  is  («)  thctcnsin 
in  the  rope,  and  {d)  the  horsepower  of  the  hauling  engine 

{a)  0891. »  lb 
(*)  41.0  H.W 

fl5C4)  The  track  for  a  single  band  on  an  cndlcss-rope 
haulage  is  4,720  feet  in  length,  and  the  rape  band  hauls  out 
97r)  long  tons  of  coal  in  1(J  hours.  The  cars  carry  IJ  long 
tons  of  coal,  and  an  empty  car  weighs  1,200  |K>unds.  The 
velocity  of  the  rope  i.s  i^  miks  an  hour,  the  weight  of  the 
rope  is  3  pounds  per  foot,  and  the  road  has  a  mean  down 
grade  to  the  shaft  of  2J  per  cent.     What  is  (a)  the  tension 
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in  the  rope,  and  [i>)  the  horsepower  of  the  hauling  engine  ?    i 

Ans   H")  2.383.14  Ib.^ 
^"^-  M*)    15.89  H.P. 


(tSCS)  What  is  the  number  of  strands  in  a  wire  rope  for 
mine  haulage,  and  between  what  numbers  du  the  wires  in  * 
strand  vary  ? 
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(1566)  Explain  the  difference  between  a  twisted  and  a 
locked  wire  rope. 

(15G7)  Show  in  what  way  the  durability  of  a  wire  rope  is 
affected  by  bending  around  and  over  sheaves. 

(1568)  Explain,  without  going  much  into  detail,  the  gen- 
eral principles  that  govern  the  splicing  of  a  rope. 

(1569)  Explain  how  a  roadbed  should  be  made  for  under- 
ground haulage. 

(1570)  Briefly  explain  three  different  kinds  of  rollers 
used  for  supporting  the  haulage-rope. 

(1571)  Briefly  explain  the  mode  of  attachment  and  the 
mode  of  action  of  the  two  classes  of  engines  used  for  under- 
ground haulage  in  mines. 

(1572)  As  drums  can  not  be  used  for  endless-rope  haulage, 
explain  the  construction  and  mode  of  action  of  grip-wheels 
used  for  that  purpose. 

(1573)  Name  the  four  types  of  locomotives  that  are  in 
use  for  underground  haulage  in  mines. 

(1574)  If  a  steam  locomotive  is  used  for  underground 
haulage  in  a  mine,  on  what  roads  should  it  run,  and  what 
should  be  the  condition  of  the  air  in  the  passage  in  which  the 
engine  runs  ? 

(1575)  What  particular  plant  is  required  for  a  compressed- 
air  locomotive  haulage  ? 

(1576)  What  should  be  done  in  the  pumping  of  com- 
pressed air  to  prevent  waste  of  energy  ? 

(1577)  What  difference  should  there  be  between  the 
pressure  of  the  air  in  a  locomotive-tank  and  that  of  the 
pipe-line  ? 

(1578)  What  special  construction  is  provided  for  the 
night  and  day  work  of  air-compressors  ? 

(ISfS)  How  does  temperature  affect  the  pressure  of  the 
compressed  air  in  the  pipc-Unes  provided  for  locomotive 
haulage  in  mines  ? 
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(IfiSO)  What  is  the  advantage  of  a  compressed-air  loco- 
motive over  that  of  a  steam-power  locomotive  for  under* 
({Tomut  haulage  in  mines  ? 

(1581)  What  difficulty  woiild  occur  in  using  gasoline 
locomotive-engines  for  underground  haulage  in  raines  ? 

(1-M*2)  S\\"W  in  what  importaiu  rcsiH'ct  the  grades  are 
different  for  locomotive  and  for  rope  haulage  in  mines. 

{I5H3)  What  rails  require  elevating  on  curves  for  loco- 
nnolive  and  for  rope  haulage  ?  ■ 

(l.liSl)     What  important  feature  is  it  necessary  for  Ihc 
milling'  engineer   or   mine    manager  to  uiidcrsta.Dd   in   tluj, 
construction  of  seif-acting:  inclines? 


/^ 


Hoisting  and  Hoisting  Appliances. 


(1585)  What  is  the  motor  of  a  hoisting  plant  ? 

(1586)  Name  the  motors  that  fill  the  requirements  of 
the  hoisting  service, 

(1587)  Explain  the  two  methods  according  to  which  en- 
gines are  used  as  motors  for  a  hoisting  plant.  Which  of 
these  methods  is  usually  adopted  ? 

(1588)  State  the  advantages  of  the  electric  motor  for 
hoisting  purposes. 

(1589)  What  are  the  objections  to  a  direct  current  for 
long  distance  work  ?  Explain  how  the  alternating  current 
overcomes  this  objection. 

(1690)     Explain  the  principle  of  the  multiphase  synchro- 
nous motor.    What  are  its  advantages  for  hoisting  purposes  ? 
(15itl)     Describe  a  speed  controller  for  an  electric  hoist. 

(1592)  What  is  a  duplex  engine  ? 

(1593)  Explain  why  a  single-cylinder  engine  will  not 
fulfil  the  requirements  of  the  hoisting  service,  and  how  a 
duplex  engine  will  fulfil  those  requirements. 

(1594)  {a)  What  is  to  be  gained  by  the  use  of  condens- 
ing engines  ?  (&)  What  are  the  objections  to  condensing 
engines  ? 

(1505)  If  a  condensing  engine  is  to  be  used  for  hoisting, 
what  provisions  must  be  made  ? 

(1596)  Why  should  a  condensing  engine  for  hoisting 
purposes  be  cross-compound  ? 

(1597)  What  is  initial  condensation  ?  Why  should  the 
initial  condensation  be  greater  in  a  single-cylinder  condens- 
ing engine  than  in  a  single-cylinder  non-condensing  engine  ? 

Pornotica  of  the  cupyriglit,  si-e  iKiKu  iiiimeillattly  folliiwing  the  title  page. 
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(1598)  Explain  why  a  compound  hoUting-cnginc  shoul 
have  an  auxiliary  steam-pipe  and  tlirottle-val  <re  tu  admit  ii-n 
steam  lo  its  low-pressure  cylinder. 

(1599)  Explain  why  a  condensing  hoisting-engtac  shou 
have  an  independent  air-pump  and  cundcuscr. 

(1600)  What  is  meant  by  the  sixc  of  an  engine  ? 

(IBOI)     What  kinds  of  work  constitute  the  work  requir 
of  a  hoistinic-enKinc  ? 

(10O2)     In  a  hoisting  plant,  what  items  make  up  the  lo. 
on  ihc  rope  7 

(1ii03)     How  small  a  drum  is  it  safe  to  UM  vith  a  pljabl 
steel  rope  ? 

(160-1)  [a)  What  is  the  net  load  on  a  boisitng-engiae  ? 
(6)  What  is  the  gross  load  ?  (r)  What  is  the  actual  load  ? 
(*/)  Give  a  rule  for  determining  llie  actual  load. 

(1605)  If  wc  have  a  shaft  or  vertical  huistway  1,200  feet 
deep  and  wish  to  hoist  from  it  3,it(H)  pounds  of  material  at  a 
irip,  in  a  car  weighing  1,800  pounds  and  a  cage  weighing 
2,400  pounds,  (a)  how  large  a  plow-steel  rope,  19  wires  to 
the  strand,  should  we  use  ?  {A)  How  small  a  drum  would; 
it  be  safe  to  wind  this  rope  on?  a        i  ('')   1  '1. 

^   '■  )   id)   5  ft. 

{1606)     What  would  be  the  actual  load  on  the  engine,  i 
Question  1605,  if  Die  shaft  were  double,  so  that  two  cages 
may  be  used  to  balance  each  other,  and  if  uo  tail-ru{>e  were 
used  }  Ans.  6,225.6  lb. 

(1607)    Give  a  rule  for  finding  the  work  required  of 
hoisting-engine  per  revolution  of  the  drum. 

(1606)  In  example  1606,  if  the  smallest  drum  adv(sab]e 
were  used,  what  would  be  the  work  rcquircil  of  the  engine 
per  revolution  of  the  drum.  Ans.  59.421.4  ft-lb. 

(1600)     What  should  be  the  size  of  the  engine  cylinde: 
to  do  the  hoisting  in  the  case  mentioned  in  Question   1606 
Assume  tht^  M.  E.  P.  lo  he  4r>.76  pounds  per  square  in 
and  the  ratio  of  the  stroke  to  the  diameter  1^. 

Ans,  2'i  tn.x  33  io.' 
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(1510)  If  the  cylinder  of  an  engine  h  Vi  inches  in  diam- 
eter and  th«  strolcL-  is  'M  inches,  what  work  per  revolution 
will  it  perform  if  supplied  with  steam  at  40  pounds  M.  E.  P.  ? 

Ans.    is.oya  ft.-lb. 

(161t)  In  allowing  for  the  extra  force  necessary  to  over- 
come friction  and  accelerate  the  moving  pans,  why  i6  a 
certain  [wrcentage  of  the  gross  load  taken  instead  of  a 
larger  percentage  of  the  net  load  ? 

(l(J12)  {a)  What  should  be  the  size  of  the  cylinder*  of  a 
duplex  hoisting -engine  which  performs  SU.OOO  foot-pounds 
of  work  per  revolution,  if  it  is  supplied  with  steam  at  40 
pounds  M.  K,  P..  and  If  the  stroke  is  to  be  2^  times  the 
diameter  ?  (ii)  What  is  the  least  turning  moment  that  this 
engine  will  exert  ?  ,        j  (<?)  H  in.  X  35  in. 

■  t  {&)  10?,757in.-lb. 

(131!))  How  do  you  (Icterminc  the  turning  moment 
exerted  by  the  load  on  the  drum  7 

(ItiH)  [f  a  tail-rope  is  used,  must  the  engine  be  larger 
than  when  no  tail-rope  is  used,  or  may  it  be  smaller  ? 

(IC15)  If  a  shaft  be  made  single  instead  of  double,  thus 
preventing  the  use  of  two  cages  and  two  cars  balancing 
each  other,  will  the  engine  need  to  be  larger  or  smaller  ? 

(1616)  State  the  relative  advantages  of  steam  and  com- 
pressed air  for  hoisting-engines,  and  state  the  conditions 
which  influence  the  choice  between  steam  and  air. 

(1617)  Why  should  hoisttng-cngincs  be  equipped  with 
cylinder  relief-valves  ?  Explain  the  principle  of  the  rclicf- 
valves  illustrated  in  Fig.  8!>2. 

(1618)  What  are  the  three  principal  kinds  of  drums  ? 

(1619)  If  we  have  a  shaft  I, HDD  feet  deep  and  wish  to 
hoist  from  it  such  a  load  as  would,  with  the  weight  of  the 
rope,  require  a  ropel^  inchcsin  diameter,  how  long  a  paral- 
lel drum  must  we  have,  allowing  ^-inch  between  the  coils? 

Ans,   11  ft.  Sin. 
(ir)2t^))     What  is  the  object  of   using  conical  instead  of 
cylindrical  drums? 
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(18'il)     (a)  How  would  you  determine  the  small  diametef^ 
of  a  conical  drum  f     {&)  Give  a.  rule  for  determining  ihe 
large  diameter  of  a  conical  drum.  ^H 

(1022)  Should  metal  rnpcs  for  hoisting  purposes  be 
allou-ed  tu  coil  upon  themselves?  Why  ?  What  is  the 
chief  objection  to  the  use  of  flat  ropes  ? 

(1033)  If  we  wish  to  build  a  pair  of  conical  drums  for  a 
vertical  sh;»ft  »IH>  ft.  deep,  from  wiiit:h  it  is  dc^sired  to  hoisi 
4,0llU  ib.  of  material  at  a  trip,  in  cars  weighing  3.0«Kii  ib. 
each  and  with  cages  weighing  3,200  11).  each,  what  shc'Uld 
the  large  and  small  diameters  he?  The  rope  is  to  be  of 
cast  steel,  lU  wires  to  the  strand. 

A         j  Large  diameter  =  B  ft 
i  Small  diameter  —  T  ft. 

(I(i24)  What  are  the  objections  to  both  cylindrical  and 
coniciil  drums  ? 

(Ifi'iS)  Describe  the  Whiting  system  of  boisting.  What 
are  its  advantages  ?  ^M 

(Ifian)  (a)  What  is  the  use  of  a  brate  of  a  hoisting 
plaiit  ?     (fj)   WliJit  load  may  be  brought  upon  the  brake  ? 

(1027)  What  is  a  block  brake  ?  Describe  the  strap 
brake. 

(10"28)     Why  should  the  ends  of  a  brake  strap  be  kept 

close  to  the  drum  ? 

(16-29)  In  the  case  of  a  very  large  strap  brake,  how 
would  you  keep  the  upper  half  away  from  the  drum  when 
the  brake  is  off  ? 

(1G;J0)  Why  can  not  the  force  that  a  man  is  able  to  exert 
be  so  multiplied  by  levers  as  to  be  sufficient  for  any  brake  ? 

(IG31)  Show  what  can  be  accomplished  by  a  differential 
leverage,  and  explain  the  principle  involved, 

(16;j:i)  Having  the  force  that  is  to  be  applied  to  the  end 
of  a  brake  strap,  how  can  we  determine  the  resistance  that 
the  strap  offers  to  the  rotation  of  the  drum  ? 
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(1633)  If  the  hoisting  plant  is  so  large  that  a  man  can 
not  do  the  braking  by  hand,  what  other  agents  may  be 
used  ?     How  can  these  agents  be  applied  to  a  brake-gear  ? 

(163+)  What  is  a  hoist  indicator  ?  Describe  a  positive- 
motion  indicator. 

(1635)     Explain  the  Kcepe  system  of  hoisting. 
(163(i)     Explain  a  method  of  capping  a  hoisting  rope. 

(1637)  What  is  a  detaching-hook,  and  why  is  it  used  ? 

(1638)  What  is  a  tail-rope  ?  What  is  gained  by  using  a 
tail-rope  ? 

(1639)  What  is  a  cross-head  for  mining  purposes?  For 
what  is  it  used  ? 

(1640)  (a)  Why  ts  a  cross-head  made  to  rest  on  the  rope 
without  being  attached  to  it  ?  (b)  Explain  a  way  to  make 
such  an  arrangement. 

(1641)  What  is  a  cage,  and  what  is  its  use  ? 

(1642)  What  two  general  kinds  are  there  ? 

(1043)  Explain  the  action  of  the  usual  kind  of  safety- 
catches  for  shaft  cages. 

(1644)  What  are  gunboats,  or  skips  ? 

(1645)  What  are  rope  carriers  used  for  ? 

(1646)  What  are  sheaves,  and  for  what  are  they  used  ? 

(1647)  What  are  the  advantages  of  a  sheave  with 
wrought-iron  spokes  over  one  with  cast-iron  arms  ? 

(1648)  Explain  the  method  of  putting  in  wrought-iron 
spokes  tangentially. 

(1649)  Describe  a  method  of  dumping  a  gunboat,  or  skip. 

(1650)  What  are  landing  fans,  or  keeps  ? 

(1651)  How  would  you  find  the  direction  and  amount  of 
the  stress  to  which  a  head-frame  was  subjected  ?  Explain 
fully. 


/*.   m.—ii 


SURFACE  ARRANGEMENTS 

OF 

BITUMINOUS   MINES. 


(1652)  How  does  a  small  seam  and  bad  roof  influence  the 
size  of  the  mine-car  ? 

(1653)  At  a  shaft  mine  with  two  openings,  how  should 
the  machinery  for  hoisting,  ventilation,  pumping,  and  under- 
ground haulage  and  coal  cutting  be  grouped  around  these 
openings  ? 

(1654)  What  conditions  determine  the  opening  of  a  shaft 
mine  with  a  landing  on  a  trestle,  and  what  are  the  features 
in  the  arrangement  of  the  surface  works  in  this  case  ? 

(1655)  What  conditions  determine  the  opening  of  a  shaft 
mine  with  only  one  landing,  and  that  on  natural  ground, 
and  what  are  the  features  in  the  arrangement  of  the  surface 
works  in  this  case  ? 

(1656)  In  what  respects  do  the  requirements  at  a  shaft 
mine  differ  from  the  requirements  at  other  mines  in  regard 
to  stables,  hay,  and  feed  ? 

(1657)  What  should  be  the  limits  for  the  foot  of  the 
brace  between  the  resultant  and  underwinding  rope  ? 

(1658)  What  should  be  the  limit  of  the  distance  of  the 
center  of  the  engine  drums  from  the  center  of  the  shaft,  if 
the  center  of  the  head  wheels  is  60  ft.  vertically  above  the 
center  of  the  engine  drums  ? 

(1659)  What  are  the  favorable  conditions  for  the  use  of 
a  self-dumping  cage  ? 

(1660)  When  can  a  tipple  arrangement  be  introduced  for 
dumping  cars  on  both  sides  of  the  shaft  ? 

§24 
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(IfiCl)    What  is  the  advaiiiage  of  returning  empty  carst 
the  cage  by  the  rear  of  the  shaft,  as  compared  with  return- 
ing them  on  the  same  side  from  which  the  loads  are  rcmoveil? 

(lf;i;-»)     In  what  instances  is  a  tipple  platform  laid 
steel  plates  preferable  to  track  arrangtinients  ? 

(1663)  What  arc  the  advantagcK  of  car-sbifting  dcvl 

(1664)  What  gradesare  best  suited  for  loaded  and  empty 
tracks  at  a  shaft  landing  on  a  trestle  ? 

(1005)     What  buildings  will  generally  be  located  on  a. 
side  of  the  shaft,  what  on  the  other  side,  and  why  .' 

(IttGQ)     At  a  bhafc  location  with  landing  on  the  groun 
where  is  the  best  location  for  »  mechanical  lift  for  returning 
empty  cars  to  the  mine  by  gravity  ? 

(104i7)     What  branches  from  the  return  empty  track  ai 
needed  in  the  yard,  to  the  various  shops,  buildings,  clc? 

(]i>68)  What  will  l>e  about  the  smallest  and  largest  nil 
ber  of  cant  that  a  landing  at  a  slope  mine  will  be  required 
hold? 

(1009)    What  are  the  grades  for  out^de  mine  Cracks  it 
made  gravitating  ? 

(1070)     How  is  the  connection  with  the  yard  and  sloj 
tracks  made  ? 
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(]S7t)  What  is  the  best  arrangement  in  the  surface 
works  for  pumping  at  a  slope  mine  ? 

(IS72)     What  is  the  btst  arrangement  for  a  slope  landin 
for  10  cars,  whcr;:  the  distance  from  the  kuuclclc  tu  the  rail 
road-tracks  is  40  feet  ? 

(1673)  What  should  be  the  least  height  of  a  drift  mine 
opening,  above  ihc  railroad-tracks,  so  that  cars  may  gravu 
tate  to  the  tipple  for  dumping  f 

(1074)     What  number  of  cars  is  required  to  get  out  l.SC 
tond  ill  8  hours,  where  it  takes  a  car  3  hours  to  make  a  rour 
trip  from  the  tipple  into  the  mine  and  return  ?    Capacity 
car  is  3  tons. 
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(1676)  What  is  the  best  arrangement  for  long  tracks  out- 
side of  a  drift,  where  the  ground  is  limited  between  the 
opening  and  railroad-tracks  ? 

(1676)  What  are  the  main  features  in  the  surface  arrange- 
ments at  a  drift  mine  7 

(1677)  What  will  be  the  minimum  height  of  a  mine  open- 
ing above  the  tipple,  to  be  operated  by  an  inclined  plane  7 

(1678)  How  should  mines  of  less  than  above  height  be 
opened  7 

(1679)  How  are  tracks  arranged  at  the  top  and  bottom 
of  an  inclined  plane  7  -     ' 

(1680)  What  is  the  usual  number  of  cars  lowered  on  an 
inclined  plane  and  what  influences  the  number  7 

(1681)  How  does  a  steep  hillside  influence  the  location  of 
buildings  ? 

(1682)  What  should  be  the  greatest  angle  of  the  plane 
for  lowering  cars  loaded  above  the  top  ? 

(1683)  What  should  be  the  greatest  angle  of  the  plane 
for  lowering  cars  loaded  level  full  ? 

(1684)  How  is  the  coal  handled  on  steeper  angles  ? 

(1685)  What  is  a  safe  minimum  grade  for  a  gravity 
plane  (a)  500  feet  long  ?     (^)  2,000  feet  long  ? 

(1686)  How  should  coal  be  lowered  when  it  outcrops  on 
a  bluff  45  to  65  feet  above  and  near  the  railroad-tracks  7 
How,  if  the  coal  is  soft  ? 

(1G87)  What  are  the  three  different  styles  of  tipple 
dumps  7 

(1688)  What  is  the  best  arrangement  of  tracks  for  push 
or  cradle  tips  7 

(1689)  What  is  the  general  arrangement  of  tracks  for  a 
cross-over  tip  7 

(1690)  Describe  the  working  of  a  cross-over  tip. 

(1691)  Where  should  the  center  of  the  car  tip  be  located 
with  respect  to  the  intersection  of  the  line  of  chute  with  the 
tipple  platform  f 


SURFACE  ARRANGEMENTS 


1 


(lfi92)    What  should  be  the  angle  of  the  chute  for 
lamp  coal  ?  {A)  niioe-riin  ?  (<:)  screening  ? 

(1693)    What  is  the  angle  of  a  loading  basket  (a)  when 
shut,  and  {^)  when  open  ?  ^m 

What  arc  ihc  standard  sizes  of  screen  bars  ?       ^^ 
What  arc  the  standard  BiBc«  of  llieir  openings  ? 
Through  and  over  what  size  bars  will  nut  c< 


(1094) 

(1695) 

(1600) 
pass? 

(1697)  How  should  coal  containing  very  much  6ne  o 
be  screened  ? 

(1698)  What  is  the  advantage  of  two  tipple  clumps  o' 
one  in  loading  ? 

(1099)     ^Vhat  arc  the  arrangements  for  loading  box  ca 

(1700)    Where  js  the  weighing  of  coal  generally  done  f 

(KOI)  How  should  coal  be  weighed  where  it  is  desired 
know  the  weight  of  the  lump  and  the  screening  less  th 
1}  inches,  separately? 

(1703)    Where  ja  the  best  location  for  the  wcigh-bcam  ? 

(1703)  How  should  lump  coal  that  must  be  broken  a 
picked  to  remove  slate  be  cleaned  ? 

(1704)  How  is  nut  coal  containing  few  impurit; 
cleaned  ? 

(1706)  How  is  nut  coal  or  smaller  screening  containit 
much  impurity  cleaned  ? 

(170G)  In  what  places  may  rock  be  dumped  from  mir 
cars  ? 

(1707)  If  coal  breaks  easily,  how  is  it  dumped  ? 

(170fi)     How  should  easily  broken  coal  with  much  screen- 
ings be  screened  and  lowered  from  small  or  consit 
heights  ? 

(1709)  What  are  the  tiauftl  curves,  grades,  and  distances 
from  center  to  center  of  railroad- tracks  ?  ^^ 

(1710)  What  should  be  the  length  of  each  siding  whe^l 
the  proportion  of  the  siies  of  1,5W  tons  daily  are  as  follows: 


3LI  ttll- 
id^^^ 
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lump,  70;^;  nut,  15j^;  pea,  S^;  slack,  7^ — cars  34  feet  long, 
holding  30  tons  each  ? 

(1711)  What  is  the  sharpest  curve  that  should  be  used 
for  a  14:-inch  wheel,  20  inches  center  to  center  of  axle,  and 
3-foGt  gauge  ? 

(1712)  What  should  be  the  grades  for  loads  and  empties 
on  long  gravitating  tracks,  and  where  should  a  device  be 
introduced  for  raising  the  empties  for  returning  them  to  the 
mine  ? 

(1713)  What  grade  should  be  given  i£  the  cars  start  from 
a  standstill  ? 

(1714)  If  it  is  desired  to  maintain  tracks  at  a  level, 
instead  of  gravitating,  how  can  cars  be  handled  for  long 
distances  ? 

(1715)  What  will  be  the  length  of  a  mine-car  siding  for 
loaded  trips  where  the  cars  hold  2  tons,  trips  arriving  every 
20  minutes,  for  a  day  of  8  hours  ?  The  output  is  1,500  tons 
per  day,  and  the  cars  are  8  feet  long. 

(1716)  Under  what  conditions  would  iron,  wood,  and 
stone  tanks  be  used  as  reservoirs  for  the  water-supply  in 
preference  to  an  earthwork  basin  or  dam  ? 

(1717)  Mention  the  conditions  that  determine  the  rela- 
tive location  of  the  blacksmith  shop,  carpenter  shop,  and 
machine-shop. 


SURFACE  ARRANGEMENTS 

OF 

ANTHRACITE   MINES. 


(1718)  State  the  difference,  if  any,  between  a  drift  and 
a  tunnel. 

(1719)  When  the  engine  is  not  direct-acting,  why  is  it  best 
to  locate  the  spur-wheel  in  the  center  of  the  hoisting  drum  ? 

(1720)  In  what  way  would  you  make  the  positive  test 
to  determine  whether  the  boiler  feed-water  contains  sul- 
phuric acid  ? 

(1721)  In  separating  the  slate  from  the  coal,  what  objec- 
tion is  there  in  having  all  the  slate  pickers  arranged  one 
above  the  other  in  one  continuous  chute? 

(1722)  What  are  the  three  physical  characteristics  upon 
which  the  operation  of  separating  the  slate  from  the  coal  by 
mechanical  means  is  based  ? 

(17".i3)  In  locating  an  engine  to  hoist  out  of  a  shaft,  what 
are  the  points  to  be  taken  into  consideration  ? 

(1724)  In  Fig.  1009,  Art.  281 1,  the  difference  of  eleva- 
tion between  the  walls  that  support  the  breaker  and  those 
that  support  the  tower  is  13  feet,  and  the  distance  between 
their  centers  is  200  feet.  The  height  of  the  breaker  at  the 
point  where  the  dump  chute  enters  the  breaker  is  90  feet, 
and  the  pitch  of  the  dump  chute  is  3.5  inches  to  the  foot. 
(a)  What  is  the  height  of  the  tower  to  dump  chute,  and  {d) 
what  is  the  length  of  the  dump  chute  ? 

j^^^    I  («)  Height,  13(i.33  feet. 

■  I  {/>)  Length  of  chute,  308.33  feet. 

(1735)     What  is  a  tcUgraph,  and  what  is  it  used  for  ? 

For  nutiue  uf  thu  uupyrighl,  seu  pajfe  immediately  followInK  the  title  psgir. 
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(1720)  In  order  to  have  :i  well-arrangcci  plant,  how 
should  thestruclurys  erected  upcm  ihe  surface  l>e  arranged, 
and  why  ^  f 

(1727)  SlaU  briefly  the  different  methods  of  haadlinjr" 
culm, 

(1728)  What  device  to  prevent  breakag-e  is  adopted  in 
coniiectinii  with  rolls  ? 

(l~2Et)  What  is  a  proper  grade  for  the  empty  and  loaded 
tracks  leading  to  and  from  the  breaker,  and  over  which  the 
railroad-cars  run  f  ^ 

(1730)  What  effect  have  the  movable  screening  bars  on 

the  height  of  the  breaker  ? 

(1731)  What  is  the  ohject  in  using'  an  elliptical  gear  in 
operating  the  piston  of  a  piston  jjig  ?  ^M 

(1732)  What  are  the  objeftions  to  locating  a  hoisting- 
cngine  in  the  lowtr.part  of  the  breaker  ? 

(L733)     What  do  you  understand  by  lump-coal  screenings  ? 

(l734)  What  precautions  should  l>c  taken  in  locating 
engines  that  are  used  for  lowering  and  hoisting  men  ? 

(1736)  What  does  the  capacity  of  a  breaker  depend  upon? 

(170'i)  What  does  the  machinery  for  conveying  the  coal 
in  the  breaker  consist  of? 

(1737)  Name  the  different  kinds  of  openings  which  are 
used  at  anthracite  collieries  to  furnish  the  coal  to  operate 
the  plant.  * 

(1738)  Give  the  pitches  of  chutes  down  which  the  differ- 
ent sizes  of  wet  and  dry  coal  will  slide. 

(173!))  Why  is  it  more  expensive  to  prepare  coal  by  the 
wet  method  than  by  the  dry  ? 

(1740)  Explain  one  of  the  main  points  to  be  taken  into 
consideration  in  choosing  the  site  for  a  breaker. 

(1741)  In  a  slate-picker  screen  how  are  the  slits  or  longi- 
tudinal openings  in  slate-picker  segments  arranged  in  refer- 
ence to  the  screen  shaft  ? 


/^ 
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(1742)  What  are  the  principal  requirements  of  anthracite 
winding-engines  ? 

(1743)  What  are  the  two  methods  of  removing  impurities 
from  coal  ? 

(1744)  What  are  the  two  main  points  in  connection  with 
jigs  in  order  to  have  a  good  separation  ? 

(1745)  For  what  sizes  and  for  what  purpose  is  a  pentag- 
onal screen  used  ? 

(1740)     What  constitutes  a  good  steam-brake  ? 

(1747)  What  are  the  principal  objects  aimed  at  in  pre- 
paring anthracite  coal  7 

(1748)  State  the  classes  into  which  the  machinery  for 
sizing  coal  is  divided. 

(1749)  State  the  difference  between  the  two  typesof  coal 
jigs  used  in  the  anthracite  region, 

(1750)  What  is  the  reason  for  locating  breaker  engines 
at  some  distance  from  the  main  structure  ? 

(1751)  Why  is  it  that  anthracite  coal  is  not  marketable 
as  it  comes  from  the  mines  ? 

(1752)  Give  the  sizes  of  the  different  meshes  used  in  sizing 
coal. 

(1753)  In  locating  a  steam  plant,  what  important  point 
must  be  kept  in  view  ? 

(1754)  What  does  the  capacity  of  screens  depend  upon, 
and  what  is  the  effect  of  increasing  the  pitch  ? 

(1755)  What  governs  the  size  of  the  carpenter  and  black- 
smith shops  at  an  anthracite  colliery  ? 

(1756)  What  arrangement  is  in  use  to  keep  the  slits  in  a 
cast-iron  slate-picker  segment  from  becoming  clogged  ? 

(1757)  In  designing  a  boiler  house,  what  are  some  of  the 
main  points  to  be  taken  into  consideration  ? 

(1758)  In  designing  a  head-frame,  what  should  the  height 
be,  in  relation  to  landing  and  overwinding  points  ? 

(1759)  What  arc  the  methods  in  use  for  driving  screens  ? 

(1760)  Where  is  lump  coal  made  ? 
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(lltU)     Wluit  is  a  Main  sirtYfi  /  ' 

(l*»j2)  In  what  way  do  the  corrugated  rolls  differ  from 
other  mils  ? 

{I7ii3)     Whiit  is  the  best  location  for  the  powder  house  ? 

(I7*U)  In  case  iif  it  longline  shaft,  made  up  of  a  number 
of  short  pieces  nf  shafting,  explain  how  they  are  coupled,  and 
show  n  sketch  of  the  same.  ^J 

(1705)     In  what  way  do  the  prepared-coal  rolls  differ  frorf^ 
the  main  rolls  ? 

(I7I5G)  Give  the  name  of  the  screen  or  screens  into  which 
the  coal  enters  after  passingihroug-hthe  main  screening  bars. 

(I7ij7)  Why  is  it  more  economical  to  use  a  '■'gunboat" 
than  ;iii  ordinary  mine-car  on  slopes  where  the  pitch  is  very 
heavy  ?  aH 

{1 708)     Make  a  sketch  showing  the  method  usually  adopt^^ 
in  locating  a  fan,  when  a  main  slope  and  a  tender  slope  are 
used  to  operate  the  plant.  ^^ 

(I7(ifl)  State  the  classes  into  which  the  machinery  for 
preparing  anthracite  cual  is  divided. 

(1770)  State  the  difference  between  the  two  types  of 
movable  screens.  —   ■ 

(1771)  What  is  the  duty  of  the  platform  men  ? 

(177'2)  Where  and  for  what  purpose  are  safety  blocks 
used  ? 

(1773)  What  type  of  fan  is  used  in  the  anthracite  region 
in  preference  to  all  others  ? 

(1774)  Name  in  their  order  the  different  sizes  of  coal  pre- 
pared in  the  anthracite  breaker,  commencing  with  the 
largest  size. 

(1775)  From  the  tests  thus  far  obtained  from  fans,  what 
peripheral  speed  gives  the  best  results  ? 

(1770)     In  jigging  coal,  what  is  the  separation  due  to? 

(1777)  From  the  description  and  the  end  view,  Fig.  1001, 
Art.  2783,  make  a  sketch  showing  the  plan  of  the  machine, 
so  as  to  show  that  you  understand  its  operation. 
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(1778)  What  is  a  breaker  and  what  is  its  purpose  ? 

(1779)  What  is  the  difference  between  the  specific  gravity 
of  coal  and  of  slate  ? 

(1780)  Where  are  the  main  rolls  or  crushers  generally 
located  ? 

(1781)  What  are  corbel  blocks  used  for  ? 
-     (1782)  What  is  a  slush  bank  ? 

(1783)  Where  the  power  in  the  breaker  is  to  be  trans- 
mitted at  a  slow  rate,  what  kind  of  belting  is  preferable  ? 

(1784)  Where  should  the  colliery  office  be  located,  and 
why  ? 

(1785)  As  a  rule,  how  many  sets  of  rolls  are  there  in  a 
breaker  ? 

(1786)  Define  a  mud  screen. 

(1787)  What  are  loading  lips;  where  and  for  what  pur- 
pose are  they  used  ? 

(1 788)  In  locating  a  culm  pile  or  heap,  where  is  it  advisa- 
ble not  to  deposit  the  culm,  and  why  ? 

(1789)  In  comparing  the  surfaces  of  a  gyrating  and  a 
circular  screen,  what  advantage  has  the  former  over  the 
latter  ? 

(1790)  What  do  you  understand  by  fixed  rolls  ? 

(1791)  Describe  a  slate-picker  screen. 


Percussive  and  Rotary  Boring. 


(1)  State  the  principal  uses  of  bore  holes. 

(2)  What  is  percussive  boring  ? 

(3)  What  are  the  essential  parts  of  a  diamond  drill  ? 

(4)  What  are  intermittent  cutters  ?     State  their  charac- 
teristics. 

(5)  Describe  the  hydraulic  feed. 

(6)  How  does  a  driller  determine  whether  or  not  he  is 
using  a  jumper  or  churn  drill  of  the  proper  weight  ? 

(7)  Describe  the  differential  feed. 

(8)  Upon  what  does  the  form  of  the  cutting  edge  of  a 
percussive  bit  depend  ? 

(9)  Of  what  are  the  diamonds  used  in  diamond  drilling 
composed,  and  what  kinds  are  used  ? 

(10)  If  the  velocities  at  impact  are  the  same,   how  do 
the  cutting  forces  vary,  providing  the  weights  are  different  ? 

(11)  For  what  can  hand-power  drills  be  employed,  and 
what  is  their  capacity  ? 

(l"-i)     What  are  the  guides  by  which  the  progress  of  the 
diamond  drill  is  judged  ? 

(13)  For  a  hole  requiring  a  set  of  bits,  why  is  it  that 
each  bit  should  be  slightly  smaller  than  the  one  it  follows  ? 

(14)  Why  is  it  that  the  drifting  is  always  worse  when 
employing  an  old  or  worn  core-barrel  ? 

(15)  State  the  principal  features  and  dimensions  of  the 
standard  type  of  power  percussive  rock-drills. 

For  tlnllce  «f  the  ciipyriKhl.  see  yavf  iinini;ili;ilvlv  folli.winif  thi-  tiile  pa|(e. 


PERCUSSIVE  AND  ROTARY   BORING.       S  26 


[111)     Describe  the  selling  of  n  diaraotid  bit, 

[17)     How  {s  ihe   core  removed   from   a    diamond-ii! 


hole 


I 


(18)  For  a  given  amount  of  power,  what  relation  Bhould 
exist  Ijctwcen  llie  frccniencj'  and  force  of  each  blow  in  oriler 
to  do  the  mast  effective  n-urk  ? 


on 

I 

ycd 


(lU)  What  is  the  difference  between  the  Kintl-Chaudroa 
and  the  American  method  of  boring  ? 

(20)  Explain  the  action  of  the  jars  in  drilling. 

(21)  Define  rotary  boring. 

(22)  For  what  special  purpose  is  the  ratchet  used  ? 

(Si3)  "What  are  the  functions  of  the  sinker-bar  and  tb« 
auger-stem  1 

(24)     What  two  styles  of  feed  mechanism  are  cmpio 
to  force  the  diamond  bit  to  its  work  ? 

{Iti)  When  a  diamond-drilling  machine  is  provided  with 
a  fixed  head,  how  is  the  driving  mechanism  removed  from 
over  the  hale,  and  what  does  Ihis  necessitate  in  regard  to 
the  steam-pipe  connections  ? 

(2())  Give  the  order  of  the  tools  in  a  hole  being  bored 
by  an  American  rig. 

(27)  State  the  principle  by  which  an  electric  percussive 
drill  is  made  to  operate. 

('.!8)  What  is  the  chief  use  of  hand-drilling  machines 
for  rotary  boring  ?     Describe  each  class. 

(29)  What  determines  the  height  of  a  derrick  ? 

(30)  What  relation  should  exist  between  the  angle 
through  which  a  percussive  drill  should  be  turned  and  the 
depth  of  cut  ? 

(31)  Name  the  kinds  of  drills  used  in  percussive  boring. 

(32)  What  is  {a)  a  stand-pipe  ?  (*)  a  casing  ? 

(33)  Describe  the  swinging  head  as  applied  to  the  dia- 
mond drill,  and  state  its  use. 
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(34)  In  boring  holes  of  different  diameters  in  the  same 
rock,  what  relation  should  exist  between  the  angles  through 
which  the  bits  are  turned  in  the  holes  ? 

(35)  Describe  the  spring-pole  method  of  boring. 

(30)  What  part  of  the  cutting  edge  of  a  percussive  bit 
does  the  least  amount  of  work,  and  why  ? 

(37)  When  should  the  cutting  edge  of  a  percussive  bit 
form  an  acute  angle  in  cross-section,  and  when  an  obtuse 
angle  ? 

(38)  Under  what  circumstances  are  hand-power  percus- 
sive drills  used  ? 

(39)  How  is  fitchering  prevented  while  starting  a  hole  ? 

(40)  What  is  the  use  of  the  temper-screw  ? 

(41)  In  what  kind  of  rock  is  it  advantageous  to  use  a 
flat-edged  bit  ? 

(42)  How  is  the  cutting  edge  of  a  percussive  bit  formed 
to  drill  in  rock  having  narrow  cracks  in  it  ? 

(43)  Describe  the  method  of  surveying  a  diamond-drill 
hole  by  means  of  plummets  and  magnetic  needles. 

(44)  In  what  direction  do  inclined  diamond-drill  holes 
have  a  tendency  to  drift  ? 

(45)  What  must  be  provided  for  a  diamond-drilling  plant 
which  is  to  operate  from  the  surface  ? 

(4ti)     What  is  meant  by  lost  water  ? 

(47)  What  disadvantage  is  there  in  using  Z  bits  ? 

(48)  How  does  diamond-drill  work  carried  on  under- 
ground, as  in  a  mine,  differ  from  that  carried  on  at  the 
surface  ? 

(49)  How  are  straight-edged  bits  dressed  up,  and  what 
special  tools  are  used  to  sharpen  and  shape  double-edged 
bits? 

(50)  When  drilling  in  soluble  material,  how  can  the 
driller  prevent  it  from  being  dissolved  ? 

F.    III.— 45 
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(">])     Wliat  rclatimi  ta  llicrc  Itelwceii  tlit:  vaJuc  of  x)k 
rcL-iir4  furDish'cil  by  the  JiiinKHMl  Orill  and  the  characltr c^^ 
Lhc  dcptfsit  sougiht  as  to  its  physical  diaracleristicii  ?         m^^ 

(62)     What  adv^ntagx-  is  there  in  using  double-edged  bits  ? 

(5J)     What  cffecL  has  the  length  of  strike  upon  the  cul- 
ling fnrce  uf  a  iiercussive  bit,  pmviding  llie  actuating-  foro^M 
remains  the  sa.me  1  ^| 

(54)     What  records  should  be  Icepl  concerning  the  dia- 
mond-drill hole  ? 


(5.5)     What  is  the  result  of  using  a  light  hammertostrifcj 
a  relatively  heavy  <lril|  f 

(6t;)     Why  is  the  X  bit  a  heller  form  tlian  the  •^  bit  ? 

(57)  Slate  requirements  of  a  good  percussive  power  dri 

(58)  Why  are  dead  weights  used  on  the  tripod  of  apon-' 
percussive  drill  ? 

(flfi)      Describe  lh«  method  of  surveying   a  diammid-dri 
hole  where  there  is  magnetic  atlfaction. 

(60)  What  iPtans  are  employed  to  fiy  drilling  columns 
rigidly  in  place  ? 

(Gl)  Under  what  conditions  are  holes  drilled  with  a  per- 
cussive bit  most  likely  to  be  deflected  from  a  vertical  line  ? 

(02)     Why  are  posts  or  grips  necessary  for  rotary  drills? 

(fi'i)     What  is  a  fishing  tap,  and  for  what  is  it  employed  ? 

{(J4)  For  what  purpose  is  Miller's  patent  spudding  attach- 
ment used  ? 

(f'i.5)     Give  the  probable  cause  of  drift  in  a  diamond-drill 

hole. 

((jit)  Explain  the  action  of  a  reamer  which  acts  per- 
cussively. 

(fi'I')  What  relation  should  txist  between  the  total  weight 
of  a  percussive  power  drill  and  the  steam  or  air  pressure 
upon  the  piston-head,  and  why  ? 


ri 
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(68)  What  are  the  advantages  and  disadvantages  of 
carrying  on  diamond  drilling  from  the  bottom  of  a  drill- 
ing pit  ? 

(69)  Give  the  number  of  strokes  per  minute  for  large  and 
for  small  power  percussive  drills. 

(70)  Why  is  it  best  to  use  a  set  of  drills  rather  than  a 
single  drill  for  boring  holes  with  hand-power  rotary  drills  ? 

(71)  What  size  of  casing  with  respect  to  the  hole  is  used, 
and  how  are  crevices  in  the  hole  closed  to  shut  out  water  ? 

(73)  What  causes  the  drill-rods  in  diamond  drilling  to 
part? 

(73)  Describe  a  power  percussive  drill. 

(74)  What  two  classes  of  hammers  are  used  in  drilling  ? 
Explain  the  manner  of  using  each, 

(75)  What  general  rule  can  be  given  with  regard  to  the 
size  of  a  diamond  bit  to  use  ? 

(76)  What  are  some  of  the  special  advantages  possessed 
by  the  diamond  drill  for  prospecting  ? 

(77)  In  what  respect  do  the  various  power  percussive 
drills  differ  most  widely  ? 

(78)  Explain  the  construction  and  use  of  a  diamond 
reaming  bit. 

(79)  Why  is  it  that  two  men  can  do  proportionally  more 
work  than  one  man  when  a  comparatively  heavy  churn-drill 
is  used  ? 

(80)  In  what  case  is  a  churn-drill  most  effective,  and  for 
what  kind  of  work  is  it  least  efficient  ? 

(81)  To  what  is  the  dissipation  of  energy  proportional 
when  a  hammer  strikes  a  drill  ? 

(82)  Why  is  the  material  at  the  middle  of  some  forms  of 
percussive  bits  reduced  ? 

(83)  When  is  it  advantageous  to  enlarge  a  churn-drill 
near  its  middle  ? 


« 


(84) 

(85) 
drill  i 


PERCUSSIVE  AND  ROTARY  BORING.       §! 

Utfine  {a)  tempering;  (/■)  anneating. 

What    points  should  bu  observed   in   tempering 


(86)     What  can  you  say  ia  regard  to   the  temperature  of 
steel  of  different  qualities  when  heated  to  the  same  color  f  J 

{H7)     Give  the  order  of  the  running  colors  -when  the  &Ut\ 
is  heated  to  a  dull  redness. 

(@8)    What  is  the  use  of  the  drive  tube  7 

(89)  How  are  lost  bits  recovered  ? 

(90)  Which  is  the  more  important,  accuracy  or  speed,  itk 
diamond-drill  woric,  and  why? 
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COMPRESSED-AIR 
COAL-CUTTING  MACHINERY. 


(1)  What  is,  in  general,  the  most  difficult  and  expensive 
operation  in  coal-mining  ? 

(2)  State  the  two  great  powers  used  to  operate  coal- 
cutttng  machines. 

(3)  Which  is  the  more  economical,  to  use  air  under  low 
or  under  high  pressure  for  running  coal-cutting  machines, 
and.  why  ? 

(4)  Describe  briefly  a  pick  machine. 

(5)  What  form  of  a  working-face  is  the  most  suitable  for 
machine  mining,  and  why  ? 

((i)  Upon  what  does  the  force  of  a  pick  machine  largely 
depend  ? 

(7)  For  what  kind  of  work  are  shearing-machines  best 
suited  ? 

(8)  Explain  the  method  of  moving  chain-cutter  machines 
from  place  to  place. 

(9)  How  is  coal  removed  from  its  solid  state  in  the  mine  ? 

(10)  What  advantages  are  there,  with  regard  to  ventila- 
tion, in  the  use  of  compressed  air  for  running  coal-cutting 
machines  ? 

(11)  What  features  make  a  pick  machine  suitable  for 
mining  almost  any  seam  of  coal  where  mechanical  methods 
are  at  all  applicable  ? 

(13)     E.\plain  the  method  of  operating  a  pick  machine. 

§27 

Ki>r  iiolii'i:  ••!  iliu  i.'r>]iyri)cht,  m.'U  paK^  iii^mediuti^ly  {oJ low i n^  iiic  litU-  patfc. 


a  COMPRESSED-AIR  §« 

(13)  What  depth  of  undercut  gives  best  results  f  1 

(14)  Tht  diameter  of  the  piston  of  a  pick  machifK  is 
4  inches,  the  weight  ol  the  piston  and  pick  is  250  poiimh, 
the  length  of  stroke  is  1?  inches,  and  the  air-pressure  is 
SO  pounds  per  square  inch.  Wliat  is  the  velocitj'  of  ibi- 
pick  at  impact  ?  Ans.  lO.OH  ft.  pef  sec; 

(15)  Describe  a  chain-cutter  machine. 

(IG)  With  what  special  feature  is  the  bed-frame  nf  a 
chatn-culter  machine  for  working  in  low  seams  providied  ? 

(17)  Give  the  working  capacity  of  a  good  chain-cuttrr 
machine. 

(18)  State  cnnditiona  favorable  and  unfavorable  to  chain, 
culler  m:ichines. 

( 111)     Kxplain  the  construction  nf  the  cutter-bar  machine. 

(•jn)  For  what  reasons  can  we  infer  that  machine  mining 
will  largely  replace  hand  methods? 

("J I)  Hnw  is  the  compressed  air  furnished  for  tb« 
machines  ? 

(33)  What  advantage  is  there  in  hs-ving  an  adjustable 
cut-off  on  pick  machines  ? 

(■j;i)  AA^hat  relation  should  exist  between  the  force  and 
the  number  of  blows  of  a  pick  machine  in  order  to  get  the 
greatest  amount  of  useful  work  from  a  given  power  ? 

{24-)  For  what  reason  are  the  cutters  of  a  chain-cutter 
machine  made  detachable,  and  by  what  means  arc  they  held 

in  place  ? 

(id)  What  gives  the  greatest  trouble  in  handling  chain- 
cutter  machines  ? 

(2C)  Slate  the  principle  on  which  the  auger  machine  is 
made. 

(27)  Into  what  two  classes  may  coal-cutting  machines  be 
divided  ? 

(28)  By  what  means  is  the  compressed  air  carried  from 
the  compressor  to  the  machines  at  the  working-faces  ? 
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g27  COAL-CUTTING   MACHINERY.  8 

(29)  State  how  the  air  is  cooled  during  compression. 

(30)  How  are  pick  machines  moved  from  place  to  place  ? 

(31)  What  is  the  working  capacity  of  a  good  pick 
machine  ? 

(:)2)  What  is  the  approximate  cost  per  linear  foot  of 
driving  heading  with  the  Stanley  header  ? 

(33)  Describe  a  pick  or  direct-acting  shearing-machine. 

(34)  What  restricts  the  size  and  weight  of  mining- 
machines  ? 

(35)  What  conditions  make  it  most  economical  to  work 
a  seam  of  coal  with  chain-cutter  machines  ? 

(3f))  If  an  18-horsepower  engine  drives  a  cutter  chain  at 
the  rate  of  330  feet  per  minute,  what  is  the  cutting  force  of 
the  chain  ?  Ans.   1,800  lb. 

(37)  How  are  the  machines  connected  to  the  pipe  system, 
and  what  advantages  are  thereby  gained  ? 

(38)  What  is  the  result  in  case  a  pipe  is  burst  by  com- 
pressed air  ? 

(39)  What  conditions  preclude  the  use  of  pick  machines  ? 

(40)  A  6-horsepower  pick  machine  makes  200  strokes 
per  minute;  what  amount  of  work  is  done  per  stroke  by  the 
pick?  Ans.  990  ft. -lb. 

(41)  Explain  the  method  of  operating  a  pick  machine. 

(4"-i)  What  advantage  is  there  in  cooling  the  air  during 
compression  ? 

(43)  Explain  the  method  of  shearing  with  the  ordinary 
pick  machine. 

(44)  In  low  seams  where  is  the  undercut  sometimes 
made  ? 

(45)  What  is  the  cutting  force  of  a  pick  machine  whose 
pick  and  piston  weigh  175  pounds  ?  The  pick  cuts  to  a  depth 
of  2i  inches  and  has  a  velocity  at  impact  of  22  fet-t  per 
second.  Ans.  6,320.9  lb. 


COAI^CUTtlNG   MACHINERY, 

(4ti)  What  kind  of  a  mining- machine  ts  best  suited  fur 
working  seAtns  of  c«al  containing  c^iisick-rable  araounLs  ofi 
iron  pyrites  and  having  rolls  in  tbe  fjoitora  ? 

(47)     Describe  briefly  the  Stanley  header,  and  stale  ji 
principal  ui<e. 

<4ft)     By  what  means  is  the  coal  sometimes  loaded  aft 
the  Stanley  header  ? 

(4!!)  What  improvement  in  the  methods  oF  working  coaP 
mines  is  such  machines  as  the  Stanley  header  and  slieaxing- 
machines  likely  to  accomplish  ? 

(51>|  State  briefly  any  experience  you  ma.y  have  hadwilli 
compressed-air  cuaUcutting  machines. 


.1.  I 
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